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METHOD FOR PREVENTING AND TREATING 
HEARING LOSS USING A NEURTURIN PROTEIN PRODUCT 

BACKGROUND OF THE INVENTION 

5 

The present inveniion relates generally to methods for preventing and^or 
treating injur\' or degeneration of inner ear sensory cells, such as hair cells and 
auditory neurons, by administering a neurotrophic factor protein product. The 
invention relates specifically to methods for preventing and/or treating heanng 

10 loss due to variety of causes. 

Neurotrophic factors arc natural proicms, found in the ner\'ous system or 
m non-nerve tissues innePv'atcd by the neiA'ous system, that fiuiction to pronK")tc 
the survival and mamtain the phenotypic differentiation of certain ner\'e and or 
glial cell populations ( Varon et ai, Ann. Rev. Neuroscience, 1:327, 1979: 

15 Thoencn et al.. Science, 229:238, 1985). Because of this physiological role, 

certain neurotrophic factors have been found useful m treating the degeneration 
of certain nerve cells and the loss of differentiated function that results from 
ner\'e damage. Nerve damage is caused by conditions that compromise the 
survival and or proper function of one or more types of nerve cells, including: 

2 0 ( 1 ) physical injury, which causes the degeneration of the axonal processes 

(which in turn causes nerve cell death) and/or ner\'e cell bodies near the site of 
injury, (2) temporary or permanent cessation of blood flow (ischemia ) to parts 
of the nervous system, as in stroke, (3) intentional or accidental exposure to 
neurotoxins, such as the cancer and AIDS chemotherapeunc agents cisplatmum 

2 5 and dideoxycytidine, respectively, (A) chronic metabolic diseases, such as 
diabetes or renal dysfunction, or (5) neurodegeneranve diseases such as 
Parkinson's disease, Alzheimer's disease, and Amyotrophic Lateral Sclerosis, 
which result from the degeneration of specific neuronal populations. In order 
for a particular neurotrophic factor to be potentially useful in treating nerve 

or equally attectcc O) dr. ucu:\^i:opi.>^ wwum> 
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The first neurotrophic factor to be identified was ner\'e growth factor 
(NGF). NGF is the first member of a defined family of trophic factors, called 
the neurotrophins. that currently includes bram-derived neurotrophic factor 
(BDNF). neurotrophm-3 (NT-3), NT-4/5, and NT-6 (Thoenen, Trends. 
5 Neurosci. 14:165-170, 1991; Smder, Cell, 77:627-638, 1994; Bothwell, Ann. 
Rev. Neurosci.. 18:223-253, 1995). These neurotrophins are known to act via 
the family of trk tyrosine kinase receptors, i.e.. trL\, trkB, trkC, and the low 
affinity p75 receptor (Snider, Cell, 77:627-638, 1994; Bothwell, Ann, Rev. 
Neurosci., 18:223-253, 1995; Chao a/., TINS 18:321-326, 1995^ 

10 Glial cell iine-denvcd neurotrophic factor (GDNF) is a protein identified 

and purified using assays based upon its efficacy m promoting the surM\al and 
stimulating ihe transmitter phenotype of mesencephalic dopaminergic neurons 
in Vitro (Lm ei aL. Science, 260:1 130-1 132. 1993). GDNF is a glycosylated 
disul fide-bonded homodimer that has some structural homology to the 

15 transfonning growth factor-beta (TGF-B'i super family of proteins (Lin ct a!.. 
Science, 260:1130-1 132, 1993; Krieglstein a/.. EMBO J., i4:736-742. 1995; 
Poulsen ^/ Neuron, 13:1245-1252. 1994). GDNF mRNA has been detected 
in muscle and Schwann ceils m the penpheral nervous system (Henderson et al.. 
Science, 266:1062-1064, 1994:Trupp etaLJ. Cell Biol., 130:137-148, 1995) 

2 0 and in type I astrocytes in the central nervous system (Schaar et al. Exp, 
Neurol.. 124:368-371, 1993V In vivo, treatment with exogenous GDNF 
stimulates the dopaminergic phenotype of substantia nigra neurons and restores 
functional deficits induced by axotomy or dopaminergic neurotoxins in animal 
models of Parkinson's disease ( Hudson et aL, Brain Res. Bull., 36:425-432, 

25 1995; Beck t^r a/.. Nature, 373:339-341, 1995; Tomac ei aL. Nature, 373:335- 
339, 1995; Hoffer era/.. Neurosci. Lett., 182:107-111, 1994). Although 
onginally thought to be relatively specific for dopaminergic neurons, at least in 
vitro, evidence is beginning to emerge indicating that GDNF may have a larger 
spectrum of neurotrophic targets besides mesencephalic dopaminergic and 



Abstr, 21,544, 1 995; Trupp j/., J. Cell Biol, 130:13':- US, .9^^:). in 
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panicuiar, GDNF was found to have neurotrophic efficacy on brainstem and 
spinal cord cholinergic motor neurons, both in vivv and in vitro iOppenheim ei 
a/.,Namre, 373:344-346, 1995: Zum a/.. Neuroreport. 6: 1 13-118, 1994; Yan 
ei al.^ Nature, 373: 341-344, 1995; Henderson et ai. Science, 266:1062-1064, 
5 1 994), on retinal neurons, such as photoreceptors and retinal ganglion cells, and 
on sensor}' neurons from the dorsal root ganglion. 

The neuroepithelial hair cells in the organ of Corti of the mner ear, 
transduce sound mto neural activity, which is transnnitted along the cochlear 

0 division of the eighth cranial ner\'c. This nerve consists of fibers from three 
t\pe3 of neurons (Spocndlin, Fl, II. In: Fnedmann, L Ballantync, J., eds. 
L'ltrastructural Atlas of the Inner Ear; London. Butierwonh. pp. 133-164, 
1 984): 1 ) afferent neurons, which he in the spiral ganghon and connect the 
cochlea :o the brainstem. 2) efferent olivocochlear neurons, which originate m 

5 :he :>upenor olivary complex and 3 ) autonomic adrenergic neurons, which 
ongmate :n the cer/ical sympathetic trunk and ianer\-aie the cochlea. In the 
Human, there are approximately 30,000 afferent cochlear neurons, with 
myelinated axons, each consisting of about 50 lamellae, and 4-6 \xm in 
diameter. This histologic suiicaire fomas the basis of uniform conduction 

0 velocity, which is an important functional feature. Throughout the length of the 
auditory net^^e, there is a trophic arrangement of afferent fibers, with 'basaf 
fibers wrapped over the centrally placed 'apical' fibers in a twisted rope-like 
fashion. Spoendiin (Spoendlin, H. H. In: Naunton. R. P., Femadex, C. eds. 
Evoked Electncal Acnvity^ m the Auditory Ner\ous System. London. Academic 

- Press, pp. 21-39, 1978) identified two types of afferent neurons m the spiral 
ganglion on the basis of m.orphologic dift^erences: type I cells (05%) are bipolar 
and have myelinated cell bodies and axons that project to the inner hair cells. 
Type II cells (5%) are monopolar with unmyelinated axons and project to the 
outer hair ceils of the organ of Corti. Each inner hair cell is innervated by about 
^n^K...^ '-ir- ^^^'..vhi ^\'nar^e^ '-^n only nn^ c-M r:>ntras^ each outer hair 

■''P"''-- . ' * cc!: ■ rwA-ww^: :ve-.i. " nnt'ix iiPv u:- :iiu* . ^ a,i mnei 
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spiral group, which arises pnmariiy ipsilaterally and synapses with the afferent 
neurons to the inner hair cells, and 2) a more numerous outer radial group, 
which arises mainly conlralaterally and synapses directly with outer hair cells. 
There is a minimal threshold at one frequency, the characteristic or best 
5 frequency, but the threshold rises sharply for frequencies above and below this 
level (Pickles, J.O. In: Introduction to the Physiology of Heanng. London, 
Academic Press, pp. 71-106, 1982). Single auditor>^ ner\'e fibers therefore 
appear to behave as band-pass filters. The basilar membrane vibrates 
preferentially to different frequencies, at different distances along its length, and 
10 the frequency selectivity of each cochlear ncr\'e fiber is similar to that of the 
inner hair cell to which the fiber is connected. Thus, each cochlear ner\'e tToer 
exnihits a turnmir ciir/e c(n'ering a different range of frecuencies from us 
neighboring fiber (Evans, E. F. In: Beagley H. A. ed. Auditor\' investigation: 
The Scientific and Technological basis. New York, Oxford University Press, 
15 19'^9). 3y this mechanism, complex sounds arc broken ccv/n into component 
frequencies (frequency resolution) by the tTlters of the inner ear. 

Hearing loss of a degree suftlcient to interfere with social and job-related 
communications is among the most common chronic neural impairments in the 
US population. On the basis of health-mterview data (Vital and health statistics. 
20 Series 10. No. 176. Washington. D.C. (DHHS publication no. (PHS) 90-1504), 
u IS estimated that approximately 4 percent of people under 45 years of age and 
about 29 percent of those 65 years or over have a handicapping loss of hearing. 
It has been estimated that more than 28 million Americans have heanng 
impairment and that as many as 2 million of this group are profoundly deaf (A 
2 5 report of the task force on the National Strategic plan. Bethesda, Md.: National 
Institute of Health, 1989). The prevalence of heanng loss increases dramatically 
with age. Approximately 1 per 1000 infants has a hearing loss sufficiently 
severe to prevent the unaided development of spoken language (Gentile, A. et 
ai. Characteristics of persons with impaired hearing: United States. 1962-1963. 
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per 1000 persons over the age of 75 have a handicapping hearing loss (Vital and 
health statistics. Series 10. No. 176. Washington, D.C, (DHHS publication no. 
iPHS) 90-1504). 

It has been estimated thai the cost of lost productivity, special education, 
5 and medical treatment may exceed $30 billion per year for disorders of hearing, 
speech and language (1990 annual report of the National Deafness and other 
Communication Disorders Advisory Board. Washington, D.C; Government 
Priming Office, 1991 . (DHHS publication no. (NIH) 91-3189). The major 
common causes of profound deafness in childhood are genetic disorders and 

10 meningitis, constmiting approximately 13 percent and 9 percent of the totaL 
respectively (Hotchkiss. D. Demographic aspects ot heanng impairmem: 
quesnons cuaJ ansu'crs. Ind ec. Washington. D.C: Ciallaudet University Pre^s. 
1989). in approximately 50 percent of the cases of childhood deafness, the 
cause is unknown, but is likely due to genetic causes or predisposition (Nance 

IB WE. Sweeney A. Otolar\'ngoL Clin. Nonh Am 1975. S: 1^-48). 

Impairment anywhere along the auditor/ pathway, from the external 
auditory canal to the central ncpv'ous system, may result in hearing loss. The 
auditor}' apparatus can be subdivided into the external and middle ear, inner ear 
and auditor) nerve and central auditory pathways. Auditor}^ information in 

2 0 humans is transduced from a mechanical signal to a neurally conducted 

electrical impulse by the action of approximately 15.000 neuroepithelial cells 
(hair cells) and 30,000 firsi-order neurons (spiral ganglion cells) in the inner ear. 
All central fibers of spiral ganglion neurons form synapses in the cochlear 
nucleus uf the pontine brainstem. The number of neurons involved in hearing 

2 5 increases dramatically from the cochlea to the auditopv* brain stem and the 
auditory cortex. All auditorv' information is transduced by only 15,000 hair 
cells, of which the so-called inner hair cells, numbenng 3500, are critically 
important, since they form synapses with approximately 90 percent of the 
30,000 primary auditory neurons. Thus, damage to a relatively few cells in the 
..^h..^ to sii^qTnntinl he-anuL^ lo^^ Hence, most causes of 
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Hearing loss can be on the level of conductivity, sensonneural and 
central level Conductive hearing loss is caused by lesions involving the 
external or middle ear, resulting in the destruction of the normal pathway of 
airborne sound amplified by the tympamc membrane and the ossicles to the 
5 inner ear tluids. Sensorineural hearing loss is caused by lesions of the cochlea 
or the auditory division of the eight cranial ner\'e. Central hearing loss is due to 
lesions of the central auditor}^ pathways. These consist of the cochlear and 
dorsal olivary nucleus complex, inferior colliculi, medial geniculate bodies, 
auditory- cortex m the temporal lobes and interconnecting afferent and efferent 

10 fiber tracts (Adams R. D, and Maurice, V. Eds. in: Prmciples of Neurology 
1^89. McCiraw-HilI Information 5er\^ices Company. PP 226-246). 

.AS menlii)neci p-eviously. at least ."^O percent (nY'ases ()f proA'^und 
deafness m childhood have genetic causes (Brown. K. S.. Med. Ciin. North AM. 
1069; 5? "^4 1 -72). If one takes into consideration the probability that genetic 

15 prcdispcsuion is a major causative factor m presbycusis- or agc-related hearing 
loss \\'h\d\ affects or.e third of the population over 75 years of age tNadol, J. B. 
In: Beasley DS, Davis GA, cds. Agmg: Communication Processes and 
Disorders. New York: Grune Sc Stratton, 1981:63-85 ), genetic and hereditary 
factors are probably the single most common cause of hearing loss. Genetic 

20 anomalies are much more commonly expressed as sensorineural heanng loss 
than as conductive heanng loss. Genetically determined sensonneural hearing 
loss is clearly a major, if not the main cause of sensorineural loss, panicularly m 
children (Nance WE, Sweeney A. Otolaryngol. Clm. North Am 1975; 8: 19-48). 
.^ong the most comm.on syndromal forms of sensorineural loss are 

2 5 Waardenburg's syndrome. Alport's syndrome and Usher s syndrome. 

A variety of commonly used drugs have ototoxic properties. The best 
known are the aminoglycoside antibiotics (Lemer, S. A. et ai cds. 
Aminoglycoside ototoxicity. Boston: Little, Brown, 1981; Smith, C. R. et ai N 
Engl. J. Med. 1980; 302: 1 106-9), loop diuretics tBosher. S. K., Acta 

(btraiH- M c7 Laryngoscope i -t j , , 2^v^ ■ / ; ^/totoxieir. vU^^^ Deei; 
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descnbed dunng oral or parenteral administration of erythromycin ( Kroboth, P. 
D. eiai. Arch. Intern Med. 1983; 1.169-7Q; Achweitzer. V. G,. Olson. X. .Vch. 
OtolaPr'ngol. 1984: 1 10:258-60). 

Most ototoxic substances cause heanng loss by damaging the cochlea, 
particularly the auditory hair cells and the stria vasculans, a specialized 
epithelial organ within the inner ear, that is responsible for the homeostasis of 
fluids and electrolytes fXadol, J.B. New England J. Med. 1993, 329: 1092- 
1 1 02). Secondary neural degeneration may occur many years after an ototoxic 
even: affcciing ihe hair cells. There i.s cMdcncc ihat some ototoxic substances 
iray be selectively concentrated v.-uhm the inner ear. resulting in progressive 

^,i.ii..ui^, lu,,., aiL- ui5^(jiiuuua;mi! ui systemic auministninon 

(Federsp:!. ei al. J. Inicci. Dis. [^-(■■. \ }A \uppi. s:00-S:05) 

Trauma due to acoustic overstimulation is another leading cause uf 
deafness. There is individual susccptibiii;> lo trauma from noise. Clinicaily 
important scnsonneural hea.nng loss may ocair in ^cine people e.xpo.ed :u iugh- 
intcnsity noise, even below levels approved by the Occupational Safety and 
Health Agency (Osguthorpe, J. D. ed. Wash.ngion D.C.: Amencaii Academy of 
Otolaryngology-Head and Neck Surger>- Foundation. 1 988). 

Demyelinating processes, such as multiple sclerosis, may cause 
sensonneural hearing loss (Noffsinger, D et al.. Acta Otolaryngol SuppI 
iStockh) 1972: 303:1-63). More recently, a fonn of immune-mediated 
sensorineural hearmg loss has been recognized (McCabe, B. F. Ann Otol Rhinol 
Lar>'ngol 1979; 88:585-9). The heanng loss is usually bilateral, is rapidly 
progressive (measured m weeks and months), and may or may not be associated 
with vestibular symptoms. 

A vanety of tumors, both pnmary and metastatic, can produce either a 
conductive hearing loss, or a sensonneural heanng loss, by invading the inner 
ear or auditory nerve (Houck, J, R. ei at., Otolaryngol Head Neck Surg 1992; 
106:92-7). A variety of degenerative disorders of unknown cause can produce 
sensorineural heanne loss Meniere's svndrnmc (Widoi t r ed Menier?'^ 



..:u-: ,v ^ i;icui;i. 
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loss, episodic vertigo, and lirmims. appears to be caused by a disorder of fluid 
homeostasis within the inner ear. although the pathogenesis remains unknown. 
Sudden idiopathic sensormeurai heanng loss (W ilson, W. R. et ai. Arch 
Otolaryngol 1980; 106:772-6), causing moderate-to-severe sensonneural 
5 deafness, may be due to various causes, including inner ear ischemia and viral 
iabyrinthitis. 

Presbycusis, the hearing loss associated with aging, affects more than 
one third of persons over the age of 75 years. The most common 
lustopathological correlate of presbycusis is the lo^s of neuroepithelial (hair) 

10 v;ells, neurons, and the stria vascularis of the peripheral auduoPv' system 

■ Schuki^.echt 11. F Pathology of the Ear. Cambridge, Mass; Har\'ard University 
Press. 1^"^^'^4:4 1 5-420). Presbycusis is best understood as resulting from the 
vumulative effects of several noxious iniluences during life, including noise 
trauma, ototoxicity and genetically influenced degeneration. 

2 5 Cenam ncuroiropiu. factors ha\e been :^ho\vn to rcguiate neuronal 

differentiation and sur\ ival during development (Korschmg S. J. Neuroscf 
13;2739-2'^4S,199j) and to protect neurons from injury and toxins m adult 
(Hefti, Neurosci. 6:2155-2162, 1986. Apfel ei aL. Ann Neurol 29:87-89, 1991; 
Hyman ei aL. Nature 350:230-233, 1991, Knusel i^t a!.. J. Neuroscn 12:4391- 

2G 4402, 1992; Yan 6^/ a/.. Nature, 360:753^755, 1 992; Koliatsos (?r a/.. Neuron. 
10:359-367, 1993). In situ hybridization studies indicate that mRNAs for the 
neurotrophin receptors TrkB and TrkC are expressed by developing 
cochleovestibular ganglia (Ylikoski eta!.. Hear. Res, 65:69-78 1993; 
Schecterson et aL. Hearing Res. 73; 92-100 1994) and that mRNAs for BDNF 

2 5 and NT-3 are found in the inner ear, including the organ of Corti ( Pirvola ct ai. 
Proc- Natl. Acad. Sci. USA 89: 9915-9919, 1992: Schecterson a/.. Hearing 
Res. 73: 92-100 1994; Wheeler et ai. Hearing Res. 73: 46-56, 1994). The 
physiological role of BDNF and NT-3 in the development of the vestibular and 
auditory systems was investigated in mice that carrv a deleted BDNF and /or 

innervation. NT-3 muiant:> ihowcu a paucity of affercnts and ;osi percent k)\ 
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spiral neurons, presumably corresponding to type-1 neurons, which innervate 
inner hair cells. Double mutants had an additive loss, lacking all vestibular and 
spiral neurons. The requirement of TrkB and TrkC receptors for the $ur\'ival of 
specific neuronal populations and the maintenance of target innen-ation in the 
peripheral sensor>' system of the inner ear was demonstrated by studying mice 
carr>^mg a germline mutation in the tyrosine kinase catalytic domain of these 
genes (Schimmang era/., Development, 121:3381-3391 1995). Gao er a/., 
(I NeuroscK 15: 5079-5087, 1995) showed survival-promonng potency of NT- 
4.5, BDNF and NT-3 for rat postnatal spiral ganglion neurons in dissociated 
cultures and that NT-4/5 protected these neurons from neurotoxic effects of the 
ami-cancer drug, cisplatm. Also. BDNF a:id NT-3 have been shown to support 
:hc si:iT:vai of adult rat auditop; neuron^ in dissociated cultures (Letebvre ci al.^ 
Neuroreport 5; 865-868, 1994). 

There have been no previous reports of the use of ncurturin m the 
Lreaiincnt of hearing loss. Since hearing impainneni is a senous afiliction, the 
identification of any agent and treatment method that can protect the auditor/ 
neurons and hair calls from damage would be of great benetlt. 



SUMMARY OF THE INVENTION 

The present invention provides methods for treating sensorineural 
hearing loss comprising administering to a subject having a lesion in the inner 
ear a therapeutically effective amount of a neurtunn neurotrophic factor protein 
product. For example, the heanng loss may be associated with injur\' or 
degeneration of neuroepithelial hair cells (cochlear hair cells) or spiral ganglion 
neurons in the inner ear. 

The present invention is based on the discoveries that hair cells respond 
to neurturin by resisting the toxic effects of ototoxins, such as cispiatin and 
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protein product may be administered to promote the protection, survival or 
regeneration of hair cells and spiral ganglion neurons. 

It has also been discovered that lesions or disturbances to the vestibular 
apparatus may also be treated by administering to a subject having such a lesion 
or disturbance a therapeutically effective amount of a neurturin protem product. 
Such lesions may result in dizziness, vertigo or loss of balance. 

It is contemplated that such neununn protein products would preferably 
include a neunxinn protein such as that depicted by the amino acid sequence set 
forth ,n tl^.e Figures, as well as variants and derivatives thereof It is also 
contemplated that such neurturin protein products would inchide 



.According to tiic mvcmiun. the ncunurai protein product may be 
administered parenierally at a dose ranging from about I Mg.kg/day to about 100 
mg,kg/day, typically at a dose of about 0. 1 nig, kg/day to about 25 mg lcg, day, 
and usually at a dose of about 5 mg/kg day to about 20 mg, kg/day. It is also 
comempiated that, depending on the individual patient's needs and route of 
administration, the neurturin protem product may be given at a lower frequency 
such as weekly or several times per week, rather than daily. It is ftinher 
contemplated that neurmrm protein product may be administered directly into 
the middle ear or the inner ear. One skilled m the art wiil appreciate that with 
such administration of a smaller amount of neurmrm protein product may be 
used, for example, a direct middle ear or imier-ear admimstration dose in the 
range of about 1 ng/ear to about 1 mg/ear in a smgle injection or in multiple 
injections. Alternatively, if administered topically or orally, a comparatively 
2 5 larger dose may be used. 

It IS ftirther contemplated that neurturin protem product be administered 
in combination or conjunction with an effective amount of a second therapeutic 
agents, such as GDNF. BDNF and NT-3. The invention also provides for the 
use of neurrunn protein product in the manufacture of a medicament or 

pharmaceutical comt>osition for the treatment of iniur^• or deecneratior of h.nir 

tni,ir:r:a.euucai .,nrri,.Miior.. ineiuue '.on;.,.. , rniucie anc 
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inner ear neurturin protein product formulations or in combmauon with cochlear 
implants. 

It will also be appreciated by those skilled in the an that the 
admimstration process can be accomplished v,a cell therapy and gene therapy 
means, as fiirther descnbed below. For example, in a gene therapy means cells 
have been modified to produce and secrete the neununn protein product. The 
cells may be modified ex vivo or w vivo. Numerous additional aspects and 
advantages of the invention will become apparent to those skilled in the an upon 
consideration of the follov.ing detailed description the irnentiun v.hich 
descr;bc^ presenrly preferred embodiments thereof 



BRIEF DESCRIPTION OF THE FIGURES 

Numerous features and advantages of the pre^en; invention u ill become 
apparcn: upon review «f the figures, wherein: 

Figure 1 depicts an ammo acid sequence (SEQ ID NO: 1) of human 
neurturin neurotrophic factor, 

0 

Figure 2 depicts an amino acid sequence (SEQ ID NO; 2) of mouse 
neurmrin neurotrophic factor. 

Figure 3 depicts a nucleic acid sequence ( SEQ ID NO: 3) encoding a 
5 neurturin neurotrophic factor analog. 

Figure 4 depicts an amino acid sequence iSEQ ID NOs: 3 or 4) of a 
human neurturin neurotrophic factor analog. 



Ficure 5 depicts an amino acid sequence ' SFO TD VO- ^> of nrf- 



rrn 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method tor preventing and/or treating 
sensorineural heanng ioss by administering a therapeutically effective amount 
of a neurturin neurotrophic factor protein product. According to one aspect of 
the invention, methods arc provided for treating damaged hair cells and auditory 
neurons by administeniig a therapeutically effective amount of neurtunn protein 
product by means of a pharrnaceuucal composition, the implantation of 
n.^ununn-cxpressing cells, or neur.unn gene therapy. The .nvc.Uion may be 
practiced using a biciogically active ncurtiirm protein product, including the 
prnrc:r.s reprcse.'.ted by the amino acic sequences set fonh m Figure. !. 2, 4 und 
5 (SEQ ID NOs: 1,2, 3, 4 and 5), including variants and derivatives thereof. In 
addition to oral, parenteral or topical delivery of the neurtunn protein product, 
administration via cell therapy and gene therapy procedures is contemplated. 

The presem invcmion is based on the initial discoveries that neurtunn 
protects hair cells from ototoxm-iiiduccd cell death in explani cultures of rats 
cochlea and dissociated spiral ganglion neurons from adult rat in culture. It is 
comemplated that administration of a neurtunn protein product will protect hair 
cells and spiral ganglion neurons from traumatic damage (such as noise trauma 
and acute or chrome treatments of cisplatin and aminoglycoside antibiotics) or 
from damage resulting from a lack of neurotrophic factors caused by 
interruption of transport of the factors from the axon to the cell body. Such 
treatment is expected to allow hair cells and /or auditory neurons to tolerate 
intermittent insults from trauma or ototoxms and to slow down the progressive 
degeneration of the auditory- neurons and hair cells that is responsible for 
hearmg ioss in pathological conditions such as presbycusis (age-related hearing 
loss), inherited sensorineural degeneration, and post-idiopathic hearing losses 
and to preserve the ftinctional mtegrity of the imier ear. It will also support the 
auditory neurons for n better and longer nerfonnance of cochlear .mnbrtc 
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about 100 mg/kg/day, typically at a dose of about 0. 1 mg/kg/'day to about 
25 m&4g. day. and usually at a dose of about 5 mg, kg/day to about 
20 mg/kg.'day. A neumirin protein product may be administered directly mto 
the inner ear in cases where invasion of the inner ear is already in place such as 
5 m the procedure of cochlear implant or surgeries of the inner ear. In such cases, 
a smaller amount of neurturin protein product will be admmistered, for example, 
from about 1 ug/ear to about 1 mg/'ear in a single injection or in multiple 
injections. In situations where the chronic administration of the protein product 
is needed, a delivery device such as an Alzet mini-pump may be attached to a 
3 cannula the tip of which will be introduced into the mudle or inner car tor a 
continuous release of the protem pruduci. Ahemaiivciy, a neuruinn protein 
product may be vielivered in the form of ear-drops which will penetrate tiie 
t>-mp:,n,c membrane of the Bulla. It ks tlinhcr contemplated that a ncurtunn 
protem product may be administered together with an effective amount of a 
second therapeutic agent for the treatment of auditor^' neuron degeneration, rbr 
example GDNF. BDNT and NT-3 as well as other neurotrophic factors or drugs 
used in the treatment of various inner ear pathologies. A variety of 
pharmaceutical formulations and different delivery techniques are described in 
further detail below. 

As used herein, the term "neuitunn protein product" includes purified 
natural, synthetic or recombinant neurtunn neurotrophic factor, biologically 
active neurturin variants (including msertion. substitution and deletion variants), 
and chemically modified derivatives thereof Also included are neurtunn 
proteins that are substantially homologous to the human neurturin protein 
having the amino acid sequence set forth m Figures 1 and 4 (SEQ ID NOs: 1 , 3 
and 4). In addition, chemically modified denvatives of these various proteins 
are included in the present invention. Neurmrin protein products also may exist 
as homodimcrs or heterodimers in their biologically active form. 

The term "biologically active" as used herein means that the neurtunn 
protein product demonstrates similar neurotronhic properties, but not 
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at least the activity of promoting the protection, survival or regeneration of hair 
cells and spiral ganglion neurons. The selection of the panicular neurotrophic 
propenies of interest depends upon the use for which the neurturin protein 
product is being administered. 
5 The term "substantially homologous" as used herein means having a 

degree of homology to the neurturin protein having the amino acid sequence set 
fonh in Figures U 2. 4 and 5 (SEQ ID NO: 1, 2, 3. 4 and 5) that is preferably in 
excess of '^O'^o, most preferably in excess of SO' o, and even more preferably in 
excess of 00% or 95%. For example, the degree of homology between the 

1 C mouse and the human protein is about 9 I ^ o, and it is conicmplated thai preferred 
mammalian neuruinn proteins will have a similarly high dctzree of homology. 
The percentage of homology cr percent 'dcntity -s ca!ci:laTeci as the percenia^e 
of amino acid residues found in the smaller of the two sequences w'hich alien 
wath identical amino acid residues in the sequence being compared, when four 

15 gaps m a length of 100 ammo acids may be introduced to assist in that 

alignment (as set forth by Dayhoff in Atlas of Protein Sequence and Structure. 
Vol. 5, p. 124, National Biochemical Research Foundation, Washington, D.C. 
(1972), the disclosure of which is hereby incorporated by reference). Also 
included as substantially homologous is any neurturin protein product which 

2 0 may be isolated by virtue of cross-reactivjty with antibodies to the neurrunn of 
Figure 1 or 2 (SEQ ID NO: 1 or 2) or whose genes may be isolated through 
hybndization with the gene or with segments of the gene encoding the neuminn 
of Figure 1 or 2 (SEQ ID NO: 1 or 2) 

The neurturin protein products according to this invention may be 

2 5 isolated or generated by a variety of means. Exempiar>^ methods for producing 
neurturin protein products useful in the present invention are substantially 
similar to the methods of producing GDNF as described in U.S. Application 
Serial No. 08/182,183 filed May 23, 1994 and its parent applications; PCI 
Application No. PCT/US92/07888 filed September 1 7, 1992, published as WO 

10 0^/^0611^ a \n a! . Svntex-Svnerpen Neurosrience Tnint Vennire): Furonean 

rppiicatu):! >eriaj \ - o;^^^^f^^i !iico :>»epienmcr ;^.w-. : runcaieu vjiia. 
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Cell-Line Derived Neurotrophic Factor" ), the disclosures of which are hereby 
mcorporaied by reference. 

Neurtunn protein products may be chemically or recombinamly 
synthesized by means known to those skilled m the an, see for example 

5 Kotzbauer et aL, Nature 384:46^-470, 1996. Neurturin protein products are 
preferably produced via recombinant techniques because such methods are 
capable of achieving comparatively higher amounts of protein at a greater 
purity. Recombinant neumirin protein product forms include glycosylated and 
non-glycosylaicd forms of ihc protein, iind inciudc but arc not Iimilc:d to proiem 

0 product expressed in bactenai, mammalian ur insect ceil systems. 

In general, recombinant techniques in\ olvc isolating the genes 
responsible for coding ncuminn. jioning :he gore m suitable \'ectors and or ceil 
t\pcs, modifying the gene if nccessar;>- to encode a desired variant, and 
expressing the gene m order to produce the neur.urn: protein product. 

5 Alternatively, a nucleotide sequence encoding tlic desired neurtunn protein 
product may be chemically synthesized. It is contemplated that a neurturin 
protein product may be expressed using nucieutide sequences which var>' in 
eodon usage due to the degeneracies of the genetic code or allelic variations or 
alterations made to facilitate production of the protein product by the select cell. 

0 Kotzbauer a/.. Nanare 384:467-470, describes the identification of a mouse 
cDNA and amino acid sequence and a human cDNA and amino acid sequence 
for neurturin protein. WO93/061 16 describes a variety of vectors, host cells, 
and culture growth conditions for the expression of GDNF protem product 
which may also be used to express the neurturin protein product. Additional 
2 5 \ ectors suitable for the expression of neurtunn protein product in E. coli are 
disclosed in published European Patent /application No. EP 0 423 980 ("Stem 
Cell Factor") published April 24, 1991, the disclosure of which is hereby 
incorporated by reference. 

The molecular weight of punfied neurturm mdicates that the protein is a 
'^'^ ^ ^nnH'v^ f^irr^-^r 'tc: hi ^' npjc^ :i ] K ^cr^ye form "^he material isolated 

'.:>t,- a ' monomer Kot'^iam^: ^^e^je-^s^ir'^ -^roon^e i:ie r>ioiOL:xu;i^ uiclal 
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disulfide-bonded dimer. Processes suitable for the refolding and naturation of 
the neurtunn expressed in bacterial systems are substantially similar to those 
described in WO93/061 16. Standard in viiro assays for the determination of 
neurtunn activity are also substantially similar to those determming GDNF 
5 activity as described m WO93/061 16 and in co-owned, co-pending U.S. 

Application Serial No. 08/535,681 filed September 28, 1995, and are hereby 
mcorporated by reference. 

Neurturin vanants 

C The :erm "ncunurin variants" as used h.erein iticludes poKpeptides m 

v. hich one or more ammo acids have been deleted from (Meletjon variants"], 
inserted into ("addition \'ananis"). or siibsimucd for ( "^^iibstinnivMi \';iriants"), 
residues withm the ammo acid sequence of neununn o f Figures L 2, 4 and 5. 
Such variants are prepared by introducing appropriate nucleotide changes into 

5 the DNA encoding the polypeptide or by /;/ \ iira chemical syntliesis of the 
desired polypeptide. It will be appreciated by those skilled m the an that many 
combinations of deletions, inseilions, and substitutions can be made provided 
thai the final molecule possesses neurtunn biological activity. An exemplary 
substitution variant is depicted in Figure 4. 

0 Mutagenesis tecliniques for the replacement, insertion or deletion of one 

or more selected amino acid residues are well known to one skilled in the ait 
(e.g., U.S. Patent No. 4,5 1 8,584, the disclosure of which is hereby incorporated 
by reference,) There are two principal variables in the construction of variants: 
the location of the mutation sue and the nature of the mutanon. In designing 

5 neurmrm variants, the selection of the mutation site and namre of the mutation 
may depend on the neurtunn characteristic(s) to be modified. The sites for 
mutation can be modified individually or in series, e.g., by ( I) substitutmg first 
with conservative amino acid choices and then wdth more radical selections 
depending upon the results achieved, (2) deleting the target amino acid residue, 
. : ^ \ \r.:,.^\r^n ifriiTv^ '^r'u^ t-.^ ^ j f ] , j iHiacen^ t^^ the lornred site Consen-^ative 
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sequence to be used in the expression of the protein is readily determined. N- 
lerminal and C-terminal deletion variants may also be generated by proteolytic 
enzymes. 

For neurturin deletion variants, deletions generally range from about 1 to 
5 30 residues, more usually from about I to 10 residues, and typically from about 
! to 5 contiguous residues. N-terminal, C-terminal and internal intrasequence 
deletions are contemplated. Deletions may be introduced into regions of low 
homology with other TGF-B super family members ic modify the activity of 
aeunurin. Deletions in areas of substantial homology with other TGF-B super 

1 ^ family sequences 'aiII be more likely lo modify t!:e neurturin biological activity 

n^(^re si^niucaniiy. The number of consewUlr. e JeleiiOuS 'mA be selected so ao 
to preser'\ e t:ie tennr\ structure of the neurturin prveiii produei in the affected 
domain, e.g., cysteine crosslinking. Non-limiting examples v)f deletion \-anants 
include truncated neurturin protein products lacking from one to seven N- 
15 terminal amino acids, or vanants lacking the C-tenninai residue, or 
combinations thereof 

In a basic embodiment, the truncated neurturin proteins may be 
represented by the following amino acid sequence wherein the amino acid 
residue numbering scheme of Figure 1 is used to facilitate comparison to the 

2 0 human neurturin protein: 

X-[Cys8-Cysl01]-Y 

wherein 

[Cys^-Cys^Ol] represents the ammo acid sequence of Cys^ through 
CyslOl as depicted in Figure i (SEQIDNO: 1); 
2 5 Y represents the zero or one or more carbow-tcrminiis ammo acid 

residues, for example, Vali02- 

X represents zero, a methionine residue or one or more amino-terminus 
amino acid residues, for example: 
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GARP 
LGARP 
RLGARP 
ARLGARP 

As used herem, the term "truncated neurturin protein product" includes 
biologically active synthetic or recombinant truncated neurtunn proteins, 
truncated neurturin proteins produced from mature neurrunn. biologically active 
5 truncated neurmrin vanants (including msertion, substitution and deletion 
vanants ), and chemically modified denvatives thereof. Also included are 
tnmcated neurturin proteins that are substantially homolouous to the human 
neurturin protein having tne ammo acid sequence set forth in Figure 1 ( SEQ ID 
NO; 1). 

10 For neunurin addition variants, amino acid sequence additions typically 

include N-and'or C-tenninal fusions ranging in length from one residue to 
polypeptides containing a hundred or more residues, as well as internal 
intrasequence additions of single or multiple amino acid residues. Internal 
additions may range generally from about 1 to 10 residues, more typically from 

15 about 1 to 5 residues, and usually from about 1 to 3 amino acid residues. 

Examples of N-terminal addition variants include neurturin with an N-terminal 
methionyl residue (for example, an artifact of the direct expression of neurtunn 

m bactenai recombinant cell culture), which is designated [Met"^]neununn, and 
fusion of a heterologous N-terminal signal sequence to the N-terminus of 

2 0 neunurin lo facilitate the secretion of mature neurtunn from recombinant host 
cells. Such signal sequences generally will be obtained from, and thus be 
homologous to, the intended host cell species. Additions may also include 
amino acid sequences denved from the sequence of other neurotrophic factors, 
for example, from 1 to 35 N-terminal amino acid residues of the human or rat 

2 5 GDNF proiems. A preferred neurturin protein product for use according to the 

present invention is the recombinant human [Mef^lneurtunn. 

residue inserted m us place. Such substiiunon \'arianis include allelic \-anants. 
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which are characterized by natiirally-occumng nucleotide sequence changes in 
the species population that may or may not result m an amino acid change. An 
example of a substitution variant is depicted in Figure 4 (SEQ ID NOs: 3 or 4). 
Specific mutations of the neuminn amino acid sequence may involve 
5 modifications to a glycosylation site (e.g., serine, threonine, or asparagine). The 
absence of glycosylation or only panial glycosylation results from amino acid 
substitution or deletion at any asparagme-Unked glycosylation recognition site 
or at any sue of the molecule that is modified by addition of an 0-Hnked 
carbohycratc. An asparagme-liiikcd glycosylation recognition site compnsc^^ a 

10 tripepiitie sequence wliich is spccincally rccugni/cd by appropriate ceiiuiar 

giy:os\ia::on cnz\"rne.-^. Vhese tnpeptide :;equen.e^ are either Asn-Xaa-Thr or 
A-n-Xaa-Ser. wrerc Xaa can be ar:y ai:i;ro auJ a-::;er I'ain F^ro. \ ar^ety af 
ani:nc aLid sabsi:ia:ions or deleaons at one or bo:h o: the first or third aniiac 
acid posmons of a glycosylation rccogninon Mie ! and or ammo acid deletion a: 

15 the second posi:iv):ii resuit m non-glycosyianon ai :he niodifcd tnpeaiide 
sequence. Thus, the exprcssii.:)n of appropruue altered nucleotide sequences 
producer \ ariants which are not glycosylated at ihat ^^ite. AltcmatiN cly, the 
neurturm ammo acid sequence may be modified to add glycosylation sites. 

One method for identifying neurturm amino acid residues or regions for 

2 0 mutagenesis is called "alanine scanning mutagenesis" as described by 

Cunningham and Wells (Science, 244:1081-1085. 1989). hi this method, an 
ammo acid residue or group of target residues arc identified (e.g., cnarged 
residues such as Arg. Asp, His, Lys. and Glu) and replaced by a neutral or 
negatively charged amino acid (most preferably alanine or polyalamne) to affect 

2 5 :he interaction of the ammo acids with the surrounding aqueous environment in 
or outside the ceil. Those domains demonstrating functional sensitivity to the 
substituuons then are refined by introducing additional or alternate residues at 
the sites of substitution. Thus, the target site for introducing an ammo acid 
sequence variation is determined, alanine scanning or random mutagenesis is 
^^ih.'c-'-' 1 ^hr ^(^^--^^cnr^nrii^ tnr^^r^t f"^ndon pr- r-aion of the ON A sequence. 

.C"^;'"c" a^ .:\ '^e^^'"f' '* :t\a\ 
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The sites of greatest interest for substitutional mutagenesis include sites 
where the amino acids found in neurturin proteins from vanous species are 
substantially different in terms of side-chain bulk, charge, and'or 
hydrophobicity. Other sites of interest are those in which particular residues of 
neurturm-like proteins, obtained from vanous species, are identical. Such 
positions are generally important for the biological activity of a protein. 
Initially, these sites are substiRited m a relatively conserv^ative manner. Such 
conservative substitutions are shown in Table 1 under the heading of preferred 
substuutions. If such substitutions result in a change m biological activity, then 
more substantial changes icxcmplar\ subsii'.Lf.cr.s) arc introduced, and or othc: 
additions (v: dclctuu^s nay ^^c iTiacc. and the resalung pruui.:: 
acti'/itv. 

TABLE 1 
Amino Aeid SubsliUUions 



OriLunal Residu>e 

Ala (A) 
Arg(R) 
Asn ( N ) 
Asp i D) 
Cys ( C ) 
Gln(Q) 
Glu ( E ) 
Gly (G) 
His(H) 
He ( I) 

I en (\ \ 



Preferred 
Substitutions 
Val 
Lys 
Gin 
Glu 
Ser 
Asn 
Asp 
Pro 
Arg 
Leu 

He 



Rxemnlar/ Substiuitions 

Val; Leu; lie 

Lys: Gin; Asn 

Gin: His; Lys; Arg 

Glu 

Ser 

Asn 

Asp 

Pro 

Asn; Gin; Lys; Arg 
Leu; Val; Met; Ala; Phe; 
norieucine 

norleucine; He; Val; Met: 
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Met(M) Leu Leu: Phe; He 

Phe(F) Leu Leu; Val; He; Ala 

Pro (Pi Gly Gly 

Ser (S) Thr Thr 

Thr (T) Ser Ser 

Trp (W) TvT TvT 

TyT(Y) Phe Trp: Phe: Tlir: Ser 

Val (V) Leu He: Leu: Met; Phe; Ala; 

norleucine 

Cor:scr/ali\-e nodinca:]ons :v'> the annno .:c:d ^cjuci^ce (ana :ae 
corresponding: niodiHcaticMis to the encodinL: iracljic ac:d sequences) are 
expected to produce ncuruirin protein produc:s ha\ ing functional ar.d ehemicai 
5 characteristics similar to those of natural neurrurna. In contrast, substantial 
modifications in the functional and'or chcnmcal charavJiensiics of neuitunn 
protein products may be accomplished by selecting substituuons that differ 
significantly in their effect on maintaining (a) the structure of the poi}-pcptide 
backbone in the area of the substitution, for example, as a sheet or helical 
1 0 conformation, (b) the charge or hydrophobicity of the molecule at the target site, 
or (c) the bulk of the side chain. Naturally occurring residues are divided into 
groups based on common side chain properties: 

1 ) hydrophobic: norleucine. Met, Ala, Val, Leu, He; 

2) neutral hydrophilic: Cys, Ser. Thr; 
15 3) acidic: Asp, Glu; 

4) basic; Asn. Gin, His, Lys, Arg; 

5) residues that influence cham orientation Gly. Pro: and 

6) aromatic: Trp, Tyr, Phe. 

Non-conscrvaiive substitutions may involve the exchange of a member 
2 0 of one of these classes for another. Such substituted residues may be introduced 

■^to ree'ons of the nenmirin nrotcir, that ire homoiocous with other TGF-B 
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B. Neurtunn Dcnvatives 

Chemically modified derivatives of neurtunn protein products also may 
be prepared by one of skill in the an given the disclosures herein. The chemical 
5 moieties most suitable for denvatization include water soluble polymers. A 
water soluble polymer is desirable because the protein to which it is attached 
does not precipitate m an aqueous environment, such as a physiological 
environment. Preferably, the polymer wili be phamiaceutically acceptable for 
the preparation of a therapeutic product or composition. One skilled in the art 
1 C will be able to select the desired polymer based on such considerations as 

'.'-■hcLner ih;: poi} n:jr prcicm conjuga:e wiW c-j Lic:apcutic:;;;>, aiiJ if^.-. 
[he desired closagc. circulation lin^o. rcsist.ii-ic^ pr(X:;(!iysis, arci cnher 
consideration^. 

Suitable water soluble polymers include, but are not limited to. 

1 5 polyethylene glycol (TEG), copolynvers of etlnicne l:1\co1 propylene glycoL 

carboxymethyicelluiose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone, 
poly-K 3-dioxolane. poly- 1,3. 6-tno\ane, ethylene, maleic anliydricc copolymer, 
polyaminoacids (either homopolymers or random copolymers), and dextmn or 
poly(n-vinyl pyrrolidonejpolyethylene glycol, propropylene glycol 

2 0 homopolymers. polypropylene oxide/ethylene oxide co-polymers. 

polyoxyethylatcd polyols (e.g., glycerol), poKwmyl alcohol, and mixtures 
thereof. Polyethylene glycol propionaldehyde may have advantages in 
manufacturing due to its stabihty in water. 

The polymer may be of any molecular weight, and may be branched or 

2 5 unbranched. For polyethylene glycol, the preferred molecular weight ranges 

from about 2 kDa to about 100 kDa for ease m handlmg and manufactunng (the 
term "about" indicating that in preparations of polyethylene glycol, some 
molecules will weigh more, some less, than the stated molecular weight). Other 
sizes may be used, depending on the desired therapeutic profile (e.g., the 

3 duration of sustained release desired, the effects, if anv on biological activitv. 
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The number of polymer molecules so attached may vary, and one skilled 
in the an will be able to ascertam the effect on function. One may 
mono-derivanze, or may provide for a di-. tn-. tetra- or some combination of 
denvatization, with the same or different chemical moieties (e.g., polymers, 
■5 such as different weights of polyethylene glycols). The proportion of polymer 
molecules to protein (or peptide) molecules will vary, as w ill their 
concentrations in the reaction mixture. In general, the optimum ratio (m rerms 
of etTiciency of reaction m that there is no excess um'eacted proicm or polymer) 
''A ll! be dctermmed by factors such as the desired degree of derivatization fe.g., 
10 mono-, d;-. rri-. etc. I the molecular weight of tlie polvnier selected. v/h:ther the 

The polvcth^•lc:■c ulyco! molecules 'or oih:r chcini^^] :roieues ^ :M^vjld 
he .^.t:actv.^d to the protein with consideration cl c::'^'^is ^'n functional or 
nnngenic domains of the protein. There are a number of attachment methods 

15 available to tnose skilled in the art. See for example, E!^ 0 401 >S4. the 

disclosure of which is iiereby incorporated by reference (coupling PEG to G- 
CSF). see also Malik e! uL, Exp. Hemaio!.. K): 1 018- 10:v\ \ ^^)2 (reporting 
pegylanon of GM-CSF using tresyl chlonde). For example, polyethylene glycol 
may be covalentty bound through amino acid residues \ ia a reactive group, such 

2 0 as, a free amino or carboxyl group. Reactive groups are those to which an 

activated polyethylene glycol molecule may be bound. The amino acid residues 
having a free amino group may include lysine residues and the N-temainal 
amino acid residue. Those having a free carboxyl group may include aspartic 
acid residues, glutamic acid residues, and the C-tenmnal amino acid residue. 

2 5 Sulfhydr\i groups may also be used as a reactive group for attaching the 

polyethylene glycol molecule(s). For therapeutic purposes, attachment at an 
ammo group, such as attachment at the N-terminus or lysine group is preferred. 
Attachment at residues important for receptor binding should be avoided if 
receptor bindmg is desired. 

3 0 One may specifically desire an N-terminal chemically modified protein. 
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weight, branching, etc.), the proportion of polyethylene glycol molecules to 
protein (or peptide) molecules in the reaction mix, the type of pegylation 
reaction to be performed, and the method of obtaining the selected N-termmally 
pcgylatcd protein. The method of obtaining the M-terminally pegylated 

5 preparation (i.e., separating this moiety from other monopegylated moieties if 
necessarv') may be by purification of the N-tennmally pegylated material from a 
population of pegylated protein molecules. Selective N-terminal chemical 
modification may be accomplished by reductive alkylation which exploits 
differential reactivity of different types of primar}'' amino groups (lysine \'crsus 

10 the N-tcnmnan a^'ai!ab!c for dcnvanzation :n a particular protein. Under the 
?.p'^rf^pV:?.tc rc3cti'"^ii conditic^ns. subsiantiiillN' ^^C' ccti'-.'C dcri'.'utiration '"'^^thc 
nrotc:r at [he N-terminus with a carbonyl group containing polvmcv a:h!e\'jJ. 
For example, one may selectively N-temiinally pegylate the proiem by 
perfonnmg the reaction at a pH which allows one to take advantage of the pKa 

15 differences between the e-amino group of the lysine residues and that of the a- 
ammo group of the N-terminal residue of the protein. By such selective 
derivatizanon, attachment of a water soluble polymer to a protein is controlled: 
the coniugation with the polymer takes place predominantly at the N-terminus 
of the protein and no significant modification of other reactive groups, such as 

2 0 the lysine side chain amino groups, occurs. Using reductive alkylation. the 
w^ater soluble polymer may be of the type described above, and should have a 
single reactive aldehyde for coupling to the protein. Polyethylene glycol 
propionaldehyde, contammg a single reactive aldehyde, may be used. 

The present invention contemplates use of derivatives which are 

2 5 prokaryote-expressed neunurin, or variants thereof, linked to at least one 

polyethylene glycol molecule, as well as use of neurmrin, or variants thereof, 
attached to one or more polyethylene glycol molecules via an acyl or alkyl 
linkage. 

Pegylation may be carried out by any of the pegylation reacnons known 
30 in the art. See, for example: Focus on Gromh Factors, 3 f2):4- 10, 1992; EP 0 
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pegylation may be carried out via an acylation reaction or an alkylation reaction 
with a reactive polyethylene glycol molecule (or an analogous reactive 
water-soluble polymer). 

Pegylation by acylation generally involves reacting an active ester 
5 derivative of polyethylene glycol with the neurtunn protein or variant. Any 
known or subsequently discovered reactive PEG molecule may be used to carrv' 
out the peg\dation of neurtunn protein or variant. A preferred activated PEG 
ester is PEG esterified to N-hydroxysuccinimide. As used herein, "acylation" is 
contemplated to include without iimitation the following types of linkages 
1 0 between the therapeutic protein and a water soluble polymer such as PEG: 

I ^^4. Reaction conditions rr:ay be sele^ned from aiv/ of th.ose knour, in :!:e 
pegylation art or those subsequently developed, but should avoid conditions of 
temperature, solvent, and pH that would inactivate the neununn or variant to be 

15 modified. 

Pegylation by acylation will generally result m a poly-pegylated 
neurtunn protein or variant. Preferably, the connecting linkage will be an 
amide. Also preferably, the resulting product will be substantially only (e.g., > 
95%) mono-, di- or tn-pegy^lated. However, some species with higher degrees 

2 0 of pegylation may be formed in amounts depending on the specific reaction 
conditions used. If desired, more purified pegylated species may be separated 
from the mixture, particularly unreacted species, by standard purification 
techmques, including, among others, dialysis, salting-out. ultrafiltration, 
lon-exchange chromatography, gel filtranon chromatography and 

2 5 electrophoresis. 

Pegylation by alkyladon generally involves reacting a terminal aldehyde 
derivative of PEG widi the neurrurin protein or variant in the presence of a 
reducing agent. Pegylation by alkylation can also result in poly-pegylated 
neurtunn protein or variant. In addition, one can manipulate the reaction 

3 0 conditions to favor pegylation substantially only at the a-amino group of the 
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preferably attached to the protein via a -CH^-NH- group. With panicular 
reference to the -CH,- group, this type of linkage is referred to herein as an 
"alkyl" hnkage. 

Derivatization via reductive alkylation to produce a monopegylated 
5 product exploits differential reactivity of different rv'pes of primary amino 

groups (lysine versus the N-termina!) available for derivatization. The reaction 
is perfomed at a pH which allows one to take advantage of the pKa differences 
between the e-amino groups of the l\'sine residues and that of the a-amino group 
of the N-termmai residue of the protein. By such selective den\-atization, 
10 attachment of a water soluble poK n^cr that contains a rcacti\ e group such as an 

.1 > ■ - V ---1 - .,J. ,u . ; tu.-. t.,i- 

pbcc prc.i'^minant!;." at the N-tcnn:i:i;> of t;:c prutcir and no >,;gnincant 
modificanon of otlier rcacir/t." ^:oup>. such as the lysine side chain amino 
groups, occurs. In one miportant aspect, the present invention contemplates use 
15 of a subst^ntiahy homogeneous preparation of monopol\'mermeuitunn protein 
(or variant 1 conjugate molecules (meaning neurturin protein or variant to which 
a polynier molecule has been attached substantially only (i.e.. > ^)5'' g) in a single 
location ). More specifically, if polyethylene glycol is used, the present 
invention also encompasses use of pegylated neurturin protein or variant lacking 

2 0 possibly antigenic linking groups, and having the polyethylene glycol molecule 

directly coupled to the neurturin protem or variant. 

Thus, it is contemplated that neurturin protein products to be used in 
accordance with the present invention may include pegylated neurturin protem 
or variants, wherein the PEG groupis) is (are) attached via acyl or alkyl groups. 
25 As discussed above, such products may be mono-pegylated or poly-pegylated 
(e.g., contaming 2-6, and preferably 2-5, PEG groups). The PEG groups are 
generally attached to the protein at the a- or e-amino groups of amino acids, but 
It is also contemplated that the PEG groups could be attached to any amino 
group attached to the protein, which is sufficiently reactive to become attached 

3 C to a PEG group under suitable reaction conditions. 
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above. The polymer selected should be modified to have a single reactive 
group, such as an active ester for acylation or an aldehyde for alkylaiion. 
preferably, so that the degree of polymerization may be controlled as provided 
for in the present methods. An exemplary reactive PEG aldehyde is 

5 polyethylene glycol propionaldehyde, which is water stable, or mono Cl-ClO 
alkoxy or arv'loxy derivatives thereof (see, U.S. Patent 5.252.714), The polymer 
may be branched or unbranched. For the acylation reactions, the poiymer(s) 
selected should have a smgle reactive ester group. For the present reductive 
aikylation, the poiymensl selected should ha\'e a single rcactn'c aldehyde 
IC group. GencralK', the water soluble piMvir.er will not be selected from 

....... t 'W^w u:i .1 i^.n^u-w.^ .mhv,^ .i.vo^ J'C .louJli. "iUUC UlOrC 

:^^:r. eniently by mammalian reerim^:::anl jxprcssun s->-^;cn;s. '^hc ::ol\nicr 
may be of any molecular weight, arc may be bi auched or unbi-a:ichec. 
A panicularly prcterred water-soluble polymer tor use herein i.s 

15 polyethylene glycol. As used herem, polyethylene gl\'CoI is meant to 

encom.pass any of the fonns of PEG that ha\'e been used to denvatize other 
prniems, sucli as mono-fCl-ClO) aikovy- or arylox\'-po!yethy!ene glycol. 

In general, chemical denvatization may be performed under any suitable 
condition used to react a biologically active substance with an activated polymer 

2 0 molecule. Methods for preparing a pegylated neunurm protein product will 
generally comprise the steps of fa} reacting a neunurm protein product with 
polyethylene glycol (such as a reactive ester or aldehyde denvanve of PEG) 
under conditions w^hereby the protein becomes attached to one or more PEG 
groups, and (b) obtaining the reaction product! si. In general, the optimal 

2 5 reaction conditions for the acylation reactions will be determined case-by-case 

based on known parameters and the desired result. For example, the larger the 
ratio of PEG:proiem, the greater the percentage of poly-pegylated product. 

Reductive aikylation to produce a substantially homogeneous population 
of a mono-polymer/neurturin protein product conjugate molecule will generally 

3 0 comprise the steps of: (a ) reacting a neurtunn protein product with a reactive 
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selective modification of the a-ammo group at the ammo tenninus of the 
neuminn protem product; and (b) obtaining the reaction product! s). 

For a substantially homogeneous population of mono-polymer/neurrurin 
protein product conjugate molecules, the reductive alkylation reaction 
conditions are those which permn the selective anachment of the water soluble 
polymer moiety to the N-terminus of neurrurin protein product. Such reaction 
conditions generally provide for pKa differences between the lysine amino 
groups and the a-amino group at the N-term:nus i the pKa bemg the pll at which 
5Q% of the ammo groups are protona:cd and 50'^ o are not). The pH also affects 
the ratio of polymer to protein to be used. In general, if :hc pH is lower, a larger 

,--v - r- - r - -"^ 1 - ' - --Ml 1- - .1 - ^ . 1 , ; . , u ^ 1 . ^ -^^^t;^ fU ^ 

rermin.:! a-am;iAj group. :l:c more pohmcr needed to .:^;iie\ e optimal 
eondiMons ) If rlie pH is higher, ihe pol} iner:protein ratio need not be as large 
(i.e., more reactive groups are ax'ailable, so fev/cr polymer mX'lecules are 
1 5 needed). For purposes of the present mvention, the pH will generally fall within 
the range of ?-9. preferably 3-6. 

Another imponant consideration is the molecular weight of the poiymer. 
In general, the higher the molecular weight of the polymer, the fewer polymer 
molecules may be attached to the protein. Similarly, branching of the polymer 
2 0 should be taken into account when optimizing these parameters. Generally, the 
higher the molecular weight (or the more branches) the higher the 
polymer-.protein ratio. In general, for the pegvdation reactions contemplated 
herein, the preferred average molecular weight is about 2 kDa to about 100 kDa. 
The preferred average molecular weight is about 5 kDa to about 50 kDa, 

2 5 particularly preferably about 12 kDa to about 25 kDa. The ratio of 

water-soluble polymer to neurtunn protein product will generally range from 
1:1 to 100:1, preferably (for polypegylation) 1:1 to 20:1 and (for 
monopegylation) 1:1 to 5:1. 

Using the conditions indicated above, reductive alkylation will provide 

3 C for selective attachment of the polymer to any neurtunn protein product having 

. - n-.^ueno^i^ :)ictia:.iL.v^o :noiivKH';\ iiici n^ui lu. . ; > j. ^- 'll i.. . ; ^ '^.u^ . 
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The term "monopolymerneuminn protein product conjugate" is used herein to 
mean a composiiion comprised of a single polymer molecule attached to a 
molecule of a neurrurm protein product. The monopolymer/neuruirin protein 
product conjugate preferably will have a polymer molecule located at the N- 
5 terminus, but not on lysme amino side groups. The preparation will preferably 
be greater than 90% monopolymer/neurtunn protem produci conjugate, and 
more preferably greater than 95% monopolymer. neurturin protein product 
conjugate, with the remainder of obscr\'ablc molecules bemg unreactcd (i.e., 
protein lacking the polymer moiety). 

IC For the present reductive alkylation, the reducing agent should be stable 

:n aqueuus solution ?.:vd preferably be :ib!e U) reduce on!\ the Schiff base formed 
in the :r.:t:a! nr:^ce:^s c:f reduci:\'C alk\ !ation. PrefeneJ redaeing ugent- may be 
-e!e.:tcd from S(x1ium horohydride, sodium cyanobL'r^>:v/d^lde. Liiincth}'lamine 
boranc. inmethylamine borane and pyridine borane. A particularly preferred 

15 reducing agent i^ sodium cyanoborohydride. Other reaction param.eters. such as 
solvent, reactmn times, tem.peramres, etc., and means of purification of 
products, can be determined case-by-case based on the published infonnation 
relating to derivadzation of protems with water soluble polymers (see the 
publications cited herein). 

20 

C. Neurturin Proiem Product Pharmaceutical Compositions 

Neurturin protein product pharmaceutical compositions tv^Dically include 
a therapeutically effecnve amount of a neurturin protein product in admixture 
with one or more phannaceutically and physiologically acceptable formulation 

2 5 maienals selected for suitability with the mode of administration. Suitable 

formulation materials include, but are not limited to, antioxidants, preservatives, 
coloring, flavonng and diluting agents, emulsifymg agents, suspending agents, 
solvents, fillers, bulking agents, buffers, delivery vehicles, diluents, excipients 
and/or pharmaceutical adjuvants. For example, a suitable vehicle may be water 

3 0 for injection, physiological saline solution, or artificial perilymph, possibly 
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administration. Neutral buffered saline or saline mixed with serum albumin are 
further exemplary vehicles. 

The pnmar\' solvent in a vehicle may be either aqueous or non-aqueous 
in nature. In addition, the vehicle may contain other 
5 pharmaceutically-acceptable excipients for modifying or maintaining the pH, 
osmolanty. \ iscosity, clarity, color, sieniity, stability, rate of dissolution, or 
odor of the formulation. Similarly, the vehicle may contain still other 
pharmaceutically-acceptable excipients for modifying or maintaining the rate of 
releasL' of neuriunn protein product, or for prom.oiing the absorption or 
10 penetration of neiinurin protein product across the tympanic membrane. Such 
exr.inin'iTs nrp tbo^e ^n.bstances usualN ?JAd cuslomarilx'' employed lo A^rmulatc 
dosnccs lb- middlc-c::r administration i;; cither unit di^sc or multi-dosc fomi. 

Oivjc [he therapeutic composition has been foniuilatcd, it mav' be stored 
in sterile vials as a solution, suspension, gel, cm.ulsion. solid, or dehydrated or 

1 ^ lyophili/.ed powder. Such formulations may be stored either in a ready to use 

form or m a form, e.g., lyophilized, requiring reconstitiuion prior to 
adminisiraiion. 

The optim.al pharmaceutical formulations will be determined by one 
skilled m the art depending upon considerations such as the route of 

2 0 administration and desired dosage. See for example. Remington's 

Pharmaceutical Sciences, 18th Ed. fl990. Mack Publishing Co., Easton, ?A 
18042) pages 1435-1712, the disclosure of which is hereby incorporated by 
reference. Such formulations may influence the physical state, stability, rate of 
in VIVO release, and rate of in vivo clearance of the present neurturin proteins, 

2 5 variants and denvatives. 

Other effective admmistration forms, such as middle-ear slow-release 
formulations, inhalant mists, or orally active formulations are also envisioned. 
For example, m a sustained release formulation, the neurairin protein product 
may be bound to or incorporated into particulate preparations of polymeric 

3 0 compounds (such as polylactic acid, polyglycolic acid, etc.) or liposomes. 
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Suitable biodegradable sustained release matnces include gelatin and 
polymers of, e.g., lactic acid, or collagens, including modified coUagens such 
as aielocollagen. methylated collagen, or succinylated collagen. See, e.g., 
European Patent Application Publication No. EP 412 554 A2 published 

5 February 13, 1 99 1 . Other suitable sustained release matnces include 
Lopolymcrs of L-glutamic acid and gamma cthyl-L-glutamatc, poly ^'2- 
hydroxyethyl-methacPv'latei, ethylene vmyl acetate, poly-D-(-l-3- 
hydroxybutrrc acid, other polyesters, hyaluronic acid, or liposomes. The 
controlled release matnx may be prepared by mixing a GDNF solution or gel 

^ with the biodegradable matrix carrier, followed b>- concenirating and dr\'inL: 

It ;s contcmplaijj that a cc^trclled rcica^c .:ompositiCn ma>' be 
prepared iit which lI;^ j^rotcin i^ dispersed m p:e:l;ni::ed porous pul>:neric 
microparticles. See PCT Application Publication >;o. WO 9j.'I5'^22, 

5 pubiished August 19. 199]. The microparticies may be prepared from an\' 
suitable polymeric material, such as polyesters, poh'amides. polyanh>'drides, 
or polyacr>'lates. and preferably is a biodegradable polymer, such as poly- 
lact:c acid, poly-glycolic acid, a copolym.er of lactic acid and glycolic acid, or 
poly {I,3-bis(p-carbox>T)henoxy)propane-co-sebacic acid}. The 

0 microparticies, which are generally 50 to 400 microns in diameter and are 

permeated with a network of pores ranging from 0.01 to 1 microns, are loaded 
with protein by equilibrating them in a suspension or solution of protein. 
Vacuum or pressure may be applied to facilitate migration of the drug into the 
micropanicles. The microparticies may be dried m air, under vacuum, by 

5 controlled evaporative drying, by a flowing inert gas. by freeze drv'ing, or 
other techniques, and then further processed into desired compositions for 
injection or implantation. 

The neurtunn protein product pharmaceutical composition also may be 
formulated for middle-ear administration, e.g., by tympanic membrane infusion 

0 or injection, and may also include slow-release or sustained circulation 
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comprising the nearturin protein product in a pharmaceuiically acceptable 
vehicle. One preferred vehicle is stenle distilled water. 

Ii is also comennplated that certain formulations containing neurrurin 
protein product may be administered orally. A neurtunn protein product which 

5 is administered in this fashion may be formulated as an elixir, tablet, capsule or 
gel and may be formulated with or without those earners customarily used la 
the compounding of solid dosage forms. The capsule may be designed to 
release the active portion of the formulation at the point in the gastrointestinal 
^ract when bioavailability is maximized and pre-systemic degradation is 
10 minimized. Additional excipicnts may be included tc facilitate absorption of 

^ - ir— - ' " -^ ■ - ■ ■ " ox- - " • 

'-■egctablc oiis. hibncants. ^-usrending agents, tabic: d:3inte:::rating agents, and 
binders n:ay also be cn-pIoycd 

Tlie formulation of topical ear preparations, including middle-ear 

15 solutions, suspensions and ointments is well known to those skilled in the art 
(sec Remington's Pharmaceutical Sciences, 18th Edition. Chapter 86, pages 
15S1-I592, Mack Publishing Company, 1990) Other modes of administration 
are available, including injections to the middle ear, and methods and means for 
producing middle-ear preparations suitable for such modes of administration are 

2C also w^ell known. 

As used in this application, "middle-ear" refers to the space between the 
tympanic membrane and the inner ear. This location is external to all inner ear 
tissue and an invasive procedure might not be required to access this region if a 
formulation is developed so that the neurtunn will penetrate through the 

2 5 tympanic membrane. Alternatively, the material may be introduced to the 

middle ear by injection through the tympanic membrane or, in case repeated 
administrations are needed, a hole will be made in the t>anpamc membrane. 
Examples of such systems include inserts and "topically" applied drops, gels or 
omtments which may be used to deliver therapeutic material to these regions. 

3 0 An opening in the t>TOapanic membrane is a very frequent procedure done on a 



SUBSTITUTE SHFPT miil F ?f^\ 



W 99/06064 



PCT/LS98/14600 



- 33 - 

In the presently described use of neurrurin protein product in the 
treatment of inner ear disease or injury it is aiso advantageous that a topically 
applied formulation include an agent to promote the penetration or transport of 
the therapeutic agent into the middle and inner ear. Such agents are known m 

: the art. For example, Ke et al.. U.S. 5,22 1 ^^^6 disclose the use of matenals to 
enhance the penetration of ophthahnic preparations through the cornea. 

Inner-ear systems are those systems vvhicn arc suuable for use m any 
tissue compartment within, between ur around llie liSbuc laycr:^ of the inner-car. 
such ai. the cochlea and \^estibular organ. These iccauons u;cliide ihe different 

Z structures of th.e cochlea such as the :,lna vascularis. Rcissncr's membrane, 

organ or Corii, .spiral ligament and the cochlear neuron^). An in\ asivo procedure 
n;igh: n.y. be reqmrcd to ^cces.^ th^^e .^iru^i;;: c:. o::i^e :t ha:, been ^iiov. :i thai 
proiems do penetrate die men^brane ofilie ronnJ wmdu^v mio the perilymph of 
the inner car. 

5 A particularly suitable vehicle for mtroducmg neunurin into the inner 

ear by penetration through the round wmdow membrane is artificial perilymph. 
This solution consists of 10.00 mM D-glucose, L5 mM CaCL 1.5 nuVl MgCl m 
a 1.0^ 0 solution of Dulbeco's phosphate-buffered saline in deionized water at 
280-300 mOsm and pH of 7.2, Yet another preparation may involve the 

C formulation of the neurturm protein product with an agent, such as injectable 
microspheres or liposomes into the middle ear, that provides for the slow or 
sustained release of the protem which may then be delivered as a depot 
injection. Other suitable means for the inner-ear introduction of neunurin 
protein product includes, implantable drug delivery devices or which contain the 

5 neurturm protein product, and a cochlear-implant with a oirme! tlirough, so 
neurmnn can be continuously delivered through it to tlie inner ear. 

The ear-treatment preparations of the present invention, particularly 
topical preparations, may include other components, for example middle-ear 
acceptable preservatives, tonicity agents, cosolvents, complexmg agents, 
^ufferine aeerts. antimicrobials, antioxidants and surfactants, as are well known 
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like. Sufficient tonicily enhancing agent is advantageously added so that the 
formulation to be instilled into the ear is compatible with the osmolanty of the 
endo- and pen lymph. Suitable preservatives include, but are not limited to, 
benzalkonium chloride, thimerosal. phenethyl alcohol, methylparaben, 

5 propylparaben, chlorhexidine, sodium benzoate, sorhic acid and the like. 
Hydrogen peroxide may also be used as preservative Suitable cosolvents 
includi^, but are not limited tu. alcohols, glycerin, glycerol propylene glycol and 
polyethylene glycol. Suitable compiexmg agents irxlude caffeine, 
pol^'^■l^y! pyrrol ;done. beta-cyclodextrm or hydroxypropyl-beta-cyclodexinn. 

0 Suitable antioxidants include sodium bisulfite and ascorbic acid. Suitable 

snrtnr'n nts or '-'^■^'"^ ; P/j ■v^cp.t? Qrc f^T ex:iiTipb_" i^jrbiL.iP c^Ilt^. p'pK^'-^rbaies ^uch 
as pc^l'-'scr'^^atc tromcthan^.mc Iccitb.in c!'c' c icr^^i '\'i'^':r^al .iTlC *!'c '^l^c 
The buffers cm be con\'entionai buffers nucIi .is ,ice:a:c, borate, citrate, 
phosphate. b!carbona:e. or Tns-HCl. Other stabilizing agents may be utilized, 

1 5 including proteins such as serum, albumin, gelatin, or mnnunoglobulms, amino 

acids such as gb'cine, glutamate. aspartate, arginme, !\'sine or cysteine, and 
mono- and di-saccharides such as glucose, mannose or dextrin. 

The formulation components are present in concentration that are 
acceptable to the middle or inner ear site of administration. For example. 

2 0 buffers are used to maintain the composition at physiological pH or at slightly 

lower pH. typically within a pH range of from about 5 to about 8, 

Additional formulation components may include materials which 
provide for the prolonged residence of the middle ear administered therapeutic 
agent so as to maximize the topical contact and promote absorbtion through the 

2 5 round window membrane. Suitable materials include polymers or gel forming 

matenals W''hich provide for increased viscosity of the middle-ear preparation. 
The suitability of the formulations of the instant invention for controlled release 
(e.g., sustained and prolonged delivery) of an inner-ear treating agent can be 
determined by various procedures known in the an. Yet another ear preparation 

3 0 may involve an effective quantity of neurmrin protein product in a mixture with 
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appropriate vehicle, middle-ear treatment solutions can be prepared in unit dose 
form. Suitable excipienis include, but are not limited lo, inert diluents, such as 
calcium carbonate, sodium carbonate or bicarbonate, lactose, or calcium 
phosphate; or binding agents, such as starch, gelatin, or acacia. 

5 

Adminisiration/Deliverx- of Neununn Protein Product 

The neununn protein product may be administered parenterally via a 
subcutaneous, intramuscular, intravenous, intraancr:ai, mtranasal, 
mtrapuhnonar\\ intrapentoneaL intraocular, transsclcral. mtravitreal, subretinaL 
10 intrathoca! or intracerebral route. In appropriate circumstances, intralesional 
adminisiranon n^.ay be muicaicd, c.i:. ni iniujuun nuiu u^ed to vash injured 
a^ea^ c^r :n"nlai^ted m innired areas wiih a suitable :r:^!rix .\!tcrna:r/cly, 
neununn rroicm product may be aciministercd oia!i_>. or imo spcciin areas o\ 
the uaMrointesunal iracu or via rectal, transdermal or topical routes. 

1 5 For the treatment of inner-car conditions, the neununn protein, product 

mav be administered into the middle-ear (or dircct:\' mto the niner-ear. 
especially m cases where an invasive procedure means is already in place), by 
topical application, insens. injection, implants, cell therapy or gene therapy. For 
example, slow-releasmg implants containing the neurotrophic factor embedded 

2 0 in a biodegradable polymer matrix can deliver neurtunn protein product. A 

neununn protein product may be administered extracerebrally in a form that has 
been modified chemically or packaged so that it passes the blood-brain barrier, 
or it may be administered in connection with one or more agents capable of 
promoting penetration of neurtunn protein product across the barrier. Similarly, 

2 5 the neuruirin protein product may be administered m the middle or inner car. or 
it may be administered on top of the tympanic membrane in connection with 
one or more agents capable of promoting penetration or transport of neurturin 
protein product across the membranes of the ear. The frequency of dosmg will 
depend on the pharmacokmetic parameters of the neurtunn protem product as 

^ 0 formulated, and the route of administration. 
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necessar\^ to determine the appropnate dosage for treaiment involving each of 
the above mentioned formulations is routmely made by those of ordinary skill in 
the art and is within the ambit of tasks routinely performed, especially in light of 
the dosage information and assays disclosed herein. Appropriate dosages may 
5 he ascertamed through use of the established assays for deteiminmg dosages 
utilized in conjunciion with appropnate dose-response data. It will be 
appreciated by those skilled in the an that the dosage used in inner-ear 
administered formulations w ill be minuscule as compared to that used in a 
systemic injection or oral administration. 
10 The final dosage regmien :n\oived m a axthod for treating t!ie above- 

iic^eribcc coiici::L>n:> a ill be dcieiiiiiiied b\ llic .i:Lv:;RUi"iu i"h\'s:cian. c^^nsidcnng 
\:irioi:; fi^tr>:-s w-iei: iiij-dif, :I^e aciJi);-. >^:\lr.gs. e.g.. ::ve a^e. coiidiiion, b.;d\ 
'.'/eight, ^ex and diet uf the paueni, ihe ie\era\ of air, lalCwUon, tune of 
administration and other cHnical factors. As studies are conducted, ftirther 

1 n information w ill emerge regarding the appropriate dosage le\ e!s lor the 

treatment of various diseases and conditions. 

It Is envisioned that the continuous admmistranon or sustained delivery 
of a neurrunn protein product may be advantageous for a given treatment. 
While continuous administration may be accomplished via a mechanical means. 

2 0 such as wath an infusion pump, it is contemplated that otiier modes of 

continuous or near continuous administration may be practiced. For example, 
chemical denvatization or encapsulation may result in sustained release forms 
of the protein which have the effect of continuous presence, in predictable 
amounts, based on a determined dosage regimiCn. Thus, neurturm protein 
2 5 products include proteins denvatized or otherwise formulated to effectuate such 
continuous administration. 

Neurturin protein product cell therapy, e.g., middle- or inner ear 
implantation of cells producing neurturin protein product, is also contemplated. 
This embodiment would involve implanting into patients cells capable of 
0 svnthesizing and secreting a biolotzicallv active form of neurrunn protem 
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modified to express the protein. Such moditled cells include recombinant cells 
whose ability to produce a neurtunn protein product has been augmented by 
transformation with a gene encoding the desired neununn protein product in a 
vector suitable for promoting its expression and secretion. In order to minimize 
5 a potential immunological reaction in patients being administered neurtunn 
protem product of a foreign species, it is preferred that the natural cells 
producing neurtunn protein product be of human ongin and produce human 
neurtunn protem product. Likewise, it is preferred thai the recombinant ccll^ 
producing neununn protein product be transformed with an expression vector 

10 containing a gene encoding a human neurtunn protein product. Implanted cells 
rrCiV be cncar'>uiared to v\o\d in^hr-ri;--" i;.,.. ti..,,.. ,->r m,^^. 

human :i:iima! cell^ :r/.v: i:T:p!an:ed :r. paticntr m biocompatible, 
semipermeable polymeric enclosures or nvenabranes fnat allow release L>f 
neununn i^rorem product, but that pre\'ent destnicnon of the cells by the 

15 patient's immune system or by other .letnnaenta! factors from the surrounding 
tissue. Such an implant, for example, may be attached to the round-window 
membrane of the middle-ear to produce and release neununn protem product 
directly into the pen lymph. 

The methodology for the membrane encapsulation of living cells is 

2 0 familiar to those of ordinary skill in the an, and the preparation of the 

encapsulated ceils and their implantation m patients may be accomplished 
without undue experimentation. See, e.g., U.S. Patent Numbers 4,892,538, 
5,01 1,472, and 5,106.627, each of which is specifically incorporated herein by 
reference. A system for encapsulating hvmg cells is described m PCT 

2 5 Application WO 91/10425 of Aebischer c7 a/., specifically incorporated herein 
by reference. See also, PCP Application WO 91/10470 of Aebischer et aL. 
Winn et a!., Exper. NeuroL, 1 13:322-329. 1991 , Aebischer et ai. Exper. 
NeuroL, 111:269-275, 1991; Tresco ASAIO, 38; 17-23. 1992. each of 
which is specifically incorporated herein by reference. Techniques for 
^ f^rmulatin? a vanet^' of other sustamed- or controlled-deliverv means, such as 

:u)wr I. : inosi.' sk;;!c\i :ii ai: 
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It is also contemplated tliai the patient's own cells may be transformed ex 
vivo to produce neurtunn protem product and would be directly implanted 
without encapsulation. For example, organ of Com supportmg ceils may be 
retneved, the cells cultured and transformed with an appropriate vector and 

5 transplanted back into the patient's mncr car where t!:cy would produce and 
release the desired neurturm protein or neurturm protem variant. 

Neurturm protem product gene therapy in vivo is also envisioned, by 
introducing the gene coding for neurturm protein product mto targeted inner ear 
cells via locai injection of a nucleic acid construct or other appropriate deliver}' 

10 vectors. {Hefii, J. Xeurobiol., 2:^: 14 18-1 4? x 1^94). For example, a nucleic acid 
.^e^ucnce cncC'^ir.g a iieunurin proLcwi piouiiLL iiuv ue Lvauauicu iw ari aucno- 
a^^ocMted \ ul> \cctvi['or adeiui\iru:> vc^^v);' ivir dcii\er\ tlie inner car cciU. 
AiLcrnaLive virai \ ecturs include, but arc not iiimicd :u, retrovirus, herpes 
simplex virus and papilloma virus \ ectors. Pliysical tran.^fcr, eitliCr iii vivo or 

15 vivo as appropriate, may also be aciueved by iiposomc-iricdiated transfer, 

direct injection i naked DNA), receptor-mediated transtcr (ligand-DNA 
compiex), electropuration, calcium phospnate precipitation or microparticle 
bombardment (gene gun). 

It should be noted that the neurturm protem product formulations 

2 0 described herein may be used for veterinary as well as human applications and 
that the term "patient" should not be construed in a limning mamier. In the case 
of veterinary applications, the dosage ranges should be the same as specified 
above. 

2 5 Polynucleotides Encoding Neunurin Protein Product 

The present invention further provides novel polynucleotides which 
encode neurturin protein products. When used as a hybndization probe or 
amplification primer, the nucleic acid sequence will be substantially free from 
all other nucleic acid sequences. For use in recombinant protein expression, the 

1 ^ 'iiicle^c 3cid "^eauence eenerallv he subsiantiallv free from nucleic acid 

.■Mm iW'd present vics^nntion arui 1::^: -.irii'vcr^j: vv a^'U tame, ^tic 
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ordinar>' skill m the art can readily determine all of the nucleic acid sequences 
which encode the amino acid sequences of a neurmnn protein product. It will 
also be appreciated by those skilled m the art that the novel polynucleotides 
which encode neurturin protein products include those nucleic acid sequences 

^ encoding v?irinnt proteins, whether m:in-inride or n:itura!ly occurrin^r. 

Recombinant expression techniques, conducted m accordance with the 
tie^cnptions set forth below, may be folluued lo produce these polynucleotides 
and express tiie ^'arIOus ncurtunn protein products. For example, by iriSenmg a 
"ucle;c acid sequence which encodes a protein inio an appropriate \'ector. one 

1 0 ^^:il!ed in the art can readily produce lar^e quaiuiiicb of die desired nu^'eotide 
^c^.•c;uc, The sequences can then be used to ge::er;:te (ietecnon probes or 
.;::';p!:f;e:.L:^.Mi primer^. Alterna:i\ c\\ , :u.^ .^\jiid;j eiieodm^ w: iieuriurin 

p:o:e:n prudjcLcan be inserted inio an c\p[■e^^ic^ 'vCvt.^r. Ij\ mtrjdu^.iii; the 
expressi'^^n \*ector into an appropnate host, tlie tlesireJ protein may be produced 

1 5 in large amounts. 

As further described herein, there are nup.-crou:. host. \ector systems 
awiilable tor the propagation of nucleic acid sequences and or the production of 
neurturin protein products. These include, but are not limmed to, plasmid. viral 
and insenional vectors, and prokaryotic and eukar\otic hosts. One skilled in the 

2 0 art can adapt a host/vector system which is capable of propagating or expressing 
heierologous DNA to produce or express the sequence^ of the present invention. 

By means of such recombinant techniques, the proteins of the present 
invention are readily produced in coinmercial quantities. Furthermore, it will be 
appreciated by those skilled in the art that, in view of the present disclosure, the 

2 5 novel nucleic acid sequences include degenerate nucleic acid sequences 
encoding the proteins specifically set forth in the Figures, variants of such 
proteins, and those nucleic acid sequences which hybridize, preferably under 
stnngent hybridization conditions, to complements of these nucleic acid 
sequences (see, Maniatis elal.. Molecular Cloning (A Laboratory Manual); 

^0 Cold Srnne Harbor Laboratory-, pages 387 to 389. 1982.) Exemplar\' stringent 
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exemplary stringent hybridization conditions are hybridization in 45-55% 
t^ormamide, 4 x SSC at 40-45''C. DNA sequences which hybridize to the 
complementary sequences for neurtunn protein under relaxed hybridization 
conditions and which encode a neurtunn protein of the present invention are 

^ a!^(^ inchided herein. Fxnmples of snch rchxod stnnf^cncv ^^.vbridiza^ion 

conditions are 4 x SSC at 45-55T or hybridization with 30-40% formamide at 
40-45^r. 

Also pro\'idcd by the present ia\ention arc recombinant DXA construcis 
involving \-ector DNA together with the DNA sequence encoding a neurtunn 
0 proicin product. In such DNA constmcts, tl;c nuc'eic acid sequence encoding 
uic pioiciii I u iih ui vvithouL signai pcpridcs ) in opcra::\'c a5?ociat:on wit!^ 
--uitablc expression control or regulator.' sequence ^apao^e of directing the 
:ep;ieat:u:i and or e\pre;^sion of the protein ma ^eiceled liosu 

b Recombinant Expressi(^n of a Neurtunn Protein Product 

Preparation of Polynucleotides Encoding Neurtunn Protein Products 
A nucleic acid sequence encoding a neunurin protein product, can 
readily be cjbtained in a vancty of ways, including, without limitation, chemical 
synthesis, cDNA or genomic libraiy screening, expression librar/ screening, 
J and/or PCR amplification of cDNA. These methods and others useful for 

isolatmg such nucleic acid sequences are set forth, for example, by Sambrool<: e: 
uL (Molecular Clomng. A Laboratory Manual, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY, 1989), by Ausubel et qL, eds (Current Protocols 
in Molecular Biology, Cuixent Protocols Press, 1^94), and by Berger and 
5 ximmel (Methods in Enzymology: Guide to Molecular Cloning Techniques. 
1 52, Academic Press. Inc., San Diego. CA. 1 987). 

Chemical SNTithcsis of a nucleic acid sequence which encodes a neurtunn 
protein product can also be accomplished using methods well known in the an, 
such as those set fonh by Engcls et ai (Angew. Chem. IntL Ed., 28:716-734, 
1 090^ "^i^t-<;e T-^eth "d^ include inter :VMa the nho^photriester. phosnhoramidite 
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nucleotides in length. Large nucleic acid sequences, for example those larger 
than about 100 nucleoudes in length, can be synthesized as several fragments. 
The fragments can then be ligated together to form a nucleic acid sequence 
encoding the protein. A preferred method is polymer-supponed synthesis using 
^ ^^nndnrd phosphnrnmidite chemistry. 

Ahemativeiy, a suitable nucleic acid sequence may be obtamcd by 
screening an appropriate cDNA librar\' (i.e., a library prepared from one or more 
L;;^i^ue source(s) bciicved to express ihc protein) or j genomic iibrar}' ^a library 
prepared from total genomic DNA). The source of the cDNA library ts 

IG t^-picaily a tissue from any species thai is believed to express neunurin in 

r^asonab-c quanLitics. The source of the genome iibrar/ nuy be any tissue or 
t:ss\ics tV?n: :my n:ammaHan or ^rhcr spec:es bcl:e\ cd :c harbv^r a g/no 
civcoLhng ncununn or a neunurin honK)loguc. T:ie library can be sc:"e::::ed for 
the presence of the neuniinn cDNA 'genc using oi:e or more nucleic acid probes 

1 5 ('oligonucleotides, cDNA or genomic DNA fragments that possess an acceptable 
le\'el of homology to the neunurin or neunurin liomologue cDNA or gene to be 
cloned) that will hybridize selectively with neunurin or neunurin homoiogue 
cDNAfs^ or gene(s) present in the librar/. The probes t\pically used for such 
librapv' screening usually encode a small region of the neunurin DNA sequence 

2 0 from the same or a similar species as the species from which the library^ v as 
prepared Alternatively, the probes may be degenerate, as discussed herein. 

Librar}' screening is typically accompUshed by annealing the 
oligonucleotide probe or cDNA to the clones in the library under conditions of 
stringency that prevent non-specific binding but permit binding of those clones 

2 5 that have a significant level of homology with the probe or primer. Typical 

hybridization and washing stringency conditions depend m pan on the size (i.e., 
number of nucleotides in length ) of the cDNA or oligonucleotide probe, and 
w^hether the probe is degenerate. The probability of obtaining a clone{s) is also 
considered in designing the hybridization solution (i.e., whether a cDNA or 

3 0 genomic library^ is being screened: if it is a cDNA library, the probability that 
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Where DNA fragments (such as cDNAs) are used as probes, K^Dical 
hybndization conditions include those as set forth in Ausubel et aL. eds., supra. 
After hybridization, the blot containing the library is washed at a suitable 
stringency, depending on several factors such as probe size, expected homology 

^ of rroHe to clone. t\'pe of library beine screened, number of c!(^ne^: bein/:: 
screened, anc the like. Examples of stnngetu washing solutions (which are 
i:5ua;iy low m ionic strength and are used at relatively high lemperaiuresi are aS 
follo\\-s, One such stringent wash is 0.015 M NaCl, 0.005 M XaCaraie and 
0. 1' o SDS at 55-65X\ Another such stringent buffer is 1 mM Na2EDTA. 40 

G mM NaHP04, pH 7.2, and l^u SDS at about 40-50"C. One other stringent 
wash IS (J.: X SSC andO.r^o SDS at aoout 50-65^'C. 

i !i:.^re aie ai^o exempiary protocols for stringent washing conditions 
where ongonueieotide probes are used to screen cDNA or genomic libraries, 
lor cxampic, a fust protocol u^es 6 X SSC witii 0.05 percent sodium 

5 pyrophosphate at a temperature of between about 35 and 62"C, Jepencmg on 
the lengm of tne probe. For example, 14 base probes are washed at 35-40'C, 1 7 
base probes at 45-50X, 20 base probes at 52-57^C\ and 23 base probes at 57- 
63'C. The temperature can be increased 2-3''C where the background non- 
specitlc binding appears high. A second protocol uses tetramethylammonium 

0 chloride ( TMAC) for washing. One such sinngent washing solution is 3 M 
TMAC. 50 mM Tns-HCL pH 8.0. and 0,2"'o SDS. 

Another suitable method for obtammg a nucleic acid sequence encoding 
a neurumn protein product is the polymerase chain reaction (PCR), In this 
method. poiy( A)-RNA or total RNA is extracted from a tissue that expresses 

5 neurrurn. cDNA is then prepared from the RNA using the eiizyme reverse 

transcriptase. Two primers, typically complementary to two separate regions of 
the neurturin cDNA (oligonucleotides), are then added to the cDNA along with 
a polymerase such as Taq polymerase, and the polvTnerase amplifies the cDNA 
region between the two primers. 
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screening), the oligonucleotide sequences selected as probes or primers should 
be of adequate length and sufficiently unambig^aous so as to minimize the 
amount of non-specific binding that will occur during librar\^ screening or PCR 
amplification. The actual sequence of the probes or primers is usually based on 
5 conserved or highly homologous sequences or rerion^^ frnm the ^ame or a 

similar gene from another organisn^i. Optionally, the probes or primers can be 
fully or panially degenerate, i.e., contain a mi\:urc of probes prim.crs, al! 
encoding the ^ame ammo acid sequence, but using different codons to do 3c. 
.-Vn alternative to preparing degenerate probes is to place an inosme in some or 

1 0 all of those codon positions that van/ by specie.^. Tlie oligonucleotide probes or 

pnmcr^ mav be prepared h\ ^hcmiwal ^vmiIicm- i!iciiiud^ uji D\A as described 
:ib'"^ e. 

Neunurm prc-^tem prCKiuets based (mi li^cs- rMz\c\c acid sequencjs, a^ 
well as mutant or \'anant seauer:ccs thereof, are also contemplated as withm :l:e 
1 5 scope of the present invention. As described above, a mutant or variant 

sequence ;s a sequence ihatcontams one or more nue!eo:ide substituiicns. 
deletions, anior mseriions as compared to the wild t\pe sequence and that 
results in the expression of amino acid sequence \ anations as com;pared to the 
wild tyoe amino acid sequence. In some cases, naturally occurring neurtunn 

2 0 ammo acid mmtanis or variants m.ay exist, due lo the existence of natural allelic 

vanation. Neurtunn protein products based on such naturallv occumng mutants 
or variants are also within the scope of the present invention. Preparation of 
syntheuc mutant sequences is also well known m the art. and is described for 
example in Wells et aL (Gene, 34:315, 1985) and in Sambrook et a!., supra. 

25 

Vectors 

The cDNA or genomic DNA encoding a neurtunn protein product is 
inserted into a vector for further cloning (amplification of the DNA) or for 
expression. Suitable vectors are commercially available, or the vector may be 
^ ^ speciallv constnicted The selection or constnicnon of the appropriate vector 
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cell (e.g., maminalian- insect, yeast, fungal, plant or bacterial cells) to be 
transformed with the vector. Each vector contains various components 
depending on its function famplitlcauon of DNA or expression of DNA) and its 
compatibility with the intended host cell. The vector components generally 

5 include, but are not limited to. or.e or more of Hie following: n signal secuerce. 
jn origin of replicauon, one or more selection or marker genes, enhancer 
■-^lemcr.ts, promoters, a cranscnption tcrminaiicn sequence, and the like. These 
components or expression regulator/ cicmems ma}' be obtained from natural 
sources or synthesized by known procedures. The vectors of the present 
l"^' mvention mvoK'e a nucleic acid sequence which encudcs the neuriurin protein 
[jroduci of interest opcratiN'cly linked U) 'oivc or more or il'e ioll'ov/ing expression 
control or rcgu!:uor\' sequences capable of directing, coniroilme or orherv/ise 
effecting tlic expression of the protein by a selected host cell. 

15 Signal Sequence 

The signal sequence may be a component of tlve \ cetor, or it may be a 
part of the neurmrin protein product DNA that is inserted into the vector. The 
neumirin DNA encodes a signal sequence at the ammo terminus of the protein 
that is cieaved during post-translational processing of the protem to form the 

2 C mature protein. Included within the scope of this invention arc neurturin protein 
product polynucleotides with the native signal sequence and other pre-pro 
sequences as well as polynucleotides wherein the native signal sequence is 
deleted and replaced with a heterologous signal sequence. The heterologous 
signal sequence selected should be one that is recognized and processed, i.e., 

2 5 cleaved by a signal peptidase, by the host cell. For prokar\'otic host cells that do 

not recognize and process the native ncurturm signal sequence, the signal 
sequence is substituted by a prokaryotic signal sequence selected, for example, 
from the group of the alkaline phosphatase, penicillinase, or heat-stable 
enterotoxin II leaders. For yeast secretion, the native neurrurin signal sequence 

3 0 mav be substituted by the veast invertase, alpha factor, or acid phosphatase 



SUBSTITUTE SHEFT mill F 7R» 



w o 99/06064 



PCT/ljS98/ 14600 



- 45 - 

Origin of Replication 

Expression and cloning vectors generally include a nucleic acid 
sequence that enables the vector to replicate in one or more selected host cells. 

^ In clorin^ \'cctor^, this sco^ucrc? i"^ t\'pic:in\' on? th?.^ cnnblc^ th^ \'?ct^r t*^ 

replicate mdcpcndcntiy of the host chromosomal DNA, and includes origins of 
replication or autonomously replicating sequences. Siicii sequences arc well 
known for a \ anciy of bacteria. ycas:s, and \'iruscs. T:ic origin of replication 
from the plasmid pBR322 is suitable for most (jram-negative bacteria and 
IC \ anou5 origins (e.g., S\'40. polyoma, adeno\'irus, \'S\' or BP\'') arc useful for 
cloning \ cciors in iiiaruiLiuhan tclib. Gciierally, li'ic origin of replication 
0(M:ipor^cn[ is not needed f^r n::;mmalnin cxprcssinn '.-jciors (fjr example, the 
SV'40 origin is often used only because ii coniam.s ihc e:irly prDinoier). 

1 5 Selection Gene 

The expression and cloning vectors typicallv contain a seieciion gene. 
This gene encodes a "m.arker" protein necessar)' for ihe sur^'U'al or growth of 
the transformed host cells when grown m a selective culmre medium. Host cells 
that were not transformed with the vector not contain the selection gene, 

2 0 and therefore, they will not survive m the culture medium. Typical selection 
genes encode proteins that ( a) confer resistance to antibiotics or other toxins, 
e.g., ampicillin, neomycin, methotrexate, or tetracycline; (b) complement 
auxotrophic deficiencies; or (c) supply critical nutrients not available from the 
culture medium. 

2 5 Other selection genes may be used to amplify the gene which will be 

expresbied. Amplification is the process wherein genes which are in greater 
demand for tlie production of a protein critical for growth are reiterated in 
tandem within the chromosomes of successive generations of recombmant cells. 
Examples of suitable selectable markers for mammalian cells include 

3 0 dihvdrofolate reductase (DHFR) and thymidine kinase. The mammalian cell 

. c wiiUJuC: . aoan;cu ^ u: ; ^ ( ^ . v .n^ .. ,a, ^ cnl. ..v^^. 



SUBSTITUTE SHEFT miJl F 



wo W.06U64 



PCT/TJS98/ 14600 



- 46 - 

Selection pressure is imposed by culmring the transformed cells under 
conditions m which the concentration of selection agent in the medium is 
successively changed, thereby leadmg to amplification of bodi the selection 
gene and the DNA that encodes a neurtunn protein product. As a result, 

" 'rtcrea'^ed auantiTie<=; of the neiirtiinn prntem proHii^t ?,r'? ^vn^he'^ized from the 
amplified UNA. 

For example, cells transformed with the HIIFR s^lcciion gep.e are first 
identitled by culruring ail of the transfonnants m a cuhurc medium that ccniains 
methotrexate, a competitive antagonist of DHFR. An appropriate host cell 
: ? -A-he:^ v-i:d-type DHFR is used is the Chinese hamster o\ary cell line def cicnt m 
DHFR aen\-iry (see, loi example, Uilaub and Cha^in. Proc. Natl. Aead, Sei.. 
;:SA^^:'^: ^2]t^ -IZZ' ^ i OSO)). The t:-ansf;)rn^.: j.i:. are :hcr exposed to 
increased le\'e!s v^r' ircihvjtrexate. T::is leads :\\'^ :.\ n:i:es:::> of nuiluple cjpie.. 
of :he DHFR gene, and. concomitantly . multiple eopies of other DNA present in 

1 5 the expression vector, such as the DNA encoding a neurtunn protein. 

Promoter 

The expression and cloning vectors of the present invention will 
typically eontam a promoter that is recognized by the host organism and 

2 0 operably hnked to the nucleic acid sequence encoding the neurtunn protein 

product Promoters are untranslated sequences located upstream (5') to the stan 
codon of a structural gene (generally within about 100 to 1000 bp) that control 
the transcription and translation of a particular nucleic acid sequence. 
Promoters are conventionally grouped into one of two classes, inducible 

2 5 promoters and constitutive promoters. Inducible promoters mitiaie increased 

levels of transcription from DNA under their control in response to some change 
in culture conditions, such as the presence or absence of a nutrient or a change 
in temperamre. A large number of promoters, recognized by a variety of 
potential host cells, are well known. These promoters are operably linked to the 

^ P DNA encodmg neurtunn bv removing the promoter from the source DNA by 
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amplification and/'or expression of neunurin DNA. A heterologous promoter is 
preferred, however, if it permits greater transcription and higher yields of the 
expressed protein as compared to the native promoter, and if it is compatible 
with the host ceil system that has been selected for use. 

^ Promoters *^^]'Tnhl^* f ^^r w'wh prnk'p.rxotir Iv^^^t"^ ir.c!^'de b^tp.- 

lacijniaiC and lactose promoter systems; alkaiine piiosphaiasc, a iryptophan 
(trp t prt-moter sys:cm; and hybrid pron-ioicrs ^ucli a> ihc lac promoter Other 
known bacterial promoters arc also suitable. The:r nu^jeot:oe ^cqueaccs iiave 
beer, published, thereby enablmg one skilled in the an :o ligatc them to the 

10 L!c:^::*ed DN.-\ scquencefs), using linkers cr adapiors as needed to supph' any 
requireci reslnciion sues. 

'^uiuihle rr.^mo::!:!: >ecucnees for use \\'\:\\ \-:.:,{ ;u--i; .:r: u!:o v.'. I! 
^uo'AU lu :he art, ^'ea^l enhancers are adv auiaueousu, u>ed vMth \ easi 
nronoters. Suitable promoters for use with mammaiian hos: ceils are v/ell 

15 known and include those obtained from the genomes of \'ipascs such as nolvomai 
\':rv..-;, towlpox \'irus, acenovirus (such as Adenovirus 2 K ::!0\ inc papilloma 
vims, avian sarcoma virus, cytomegalovirus, a retrov irus, iiepatitis-B \'irus and 
most preferably Simian Virus 40 (SV40). Other suitable n-ammaiian promoters 
include heterologous manamalian promoters, e.g.. heat-shock promoters and the 

2 0 actin promoter. A currently used promoter :v. the production of proteins in CHO 
ceiis :s SRa- See Takebe eta!.. MoL Cell. Biol. 8(1 ); ^66-472 ( i 988), 

Enhancer Element 

An enhancer sequence may be inserted into the vector to increase the 
2 5 transcription of a DNA sequence encoding a protein of the present inveniion by 
higher eukarx'Otes. Enliancers are cis-acting elements of DNA. usually about 
from 10-300 bp in length, that act on the promoter to increase its transcription. 
Enliancers are relatively orientation and position independent. They have been 
found 5' and 3' to the transcription unit. Several enhancer sequences available 
^""^^^ r^nmmalian cene*-' are knc^wn fe e . elohin. elastase, albumin, alpha-feto- 
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enhancer, and adenovims enhancers are exemplar}' enhancing elements for the 
activation of eukarv'Otic promoters. While an enhancer may be sphced into the 
vector ai a position 5' or 3' to neununn DNA, it is typically located ai a site 5' 
from the promoter. 

i ranscnpiioa Termination 

Expression \ ccrors used ;n cukaryo:;c ho:^!: ^ells ( yeasi, Uingi, inseci. 
plant, animal, hinnan. or nucleated cells from other multicellular org..nis:n-; 
will aUo contain sequences necessary for the termination of transcription and for 
^stabilizing the mRNA. Such sequences arc commonK a^■aliablc from :hc 5' and 
cccasionaih }' 'mtrarslated region- of eukar> ctic DNA^ or cDNAs. The.c 
rcaions c.^niam nucleotide segments transcribed as po:\adcnylatcd fragmcn:s m 
me untra-.datcd portion of the a^R\A cncuding the proieui. 

15 Tlie construction of suitable ;'ectors containing one or m.ore of the 

abovedisied components together with the desired neurtunn protein product 
coding sequence is accomplished by standard ligation techniques. Isolated 
plasmids or DNA fragments are cleaved, tailored, and reiigated in the desired 
order to generate the plasmids required. To confinn that the correct sequences 

2 0 have been constructed, the ligation mixtures may be used to transform E. coli, 
and successful transformants may be selected by known techniques, such as 
ampicilim or tetracycline resistance as described above. Plasmids from the 
transformants are then prepared, analyzed by restriction endonuclease digestion, 
and'or sequenced to confirm the presence of the desired construct, 

2 5 Vectors that provide for the transient expression of DNA encoding a 

neurtairm protein product in mammalian cells may also be used. In general, 
transient expression involves the use of an expression vector that is able to 
replicate efficiently in a host cell such that the host cell accumulates many 
copies of the expression vector and, in turn, synthesizes high levels of the 

3 0 desired protein encoded by the expression vector. Transient expression systems, 
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rapid screening of such proteins for desired biological or physiological 
properties. Thus, transient expression systems are particularly useful in 
identifying vananis of the protein. 

5 Selection and Transformation of Host Cells 

Host ceils (e.g., bacterial, mammalian, msect, yeast, or plant cells) 
'TansfomicJ w'nh nucl2\c acid sequancas for unc i:'. axprcssmg a recDmbinanl 
neunurin pro;c:a arc also provided b\- die present in\-ention. The transfcnned 
nost cell 15 eulmred under appropriate conditions pennitting the expression of 

0 d:e nucleic acid scaucnce. Tlie iclcciian of saiiable hcs: cd\^ and n:eihods for 
UaasfcriYiaiion, cahara. aniplificuuon, j^reening and orcdac: p:oi.!uction and 
parificaaan arc 'a cI! Iv::ov,n m the aia. Sec ior c\a:nple. GeLhina and Sainbrook. 
Nature 293: 620-625 (I9S1). or ahcnut:\ eha Kaufman ct a/., Mol. Ceil. Biol. 5 
r y. 1750-1^59 (1985} or Howiey et ai, I: S, Pat. \o. 4,419,446. The 

5 transformed host cell is cultured in a suitable medium, and the expressed factor 
IS then optionally recovered, isolated and purified rrom the culture medium (or 
from the cell, if expressed intracellularly) by an appropriate means known to 
those skilled in the an. 

Suitable host cells for cloning or expressing the vectors herein are die 

C prokaiy-ote, yeast, or higher eukaryote celU as described above. Prokaryotic 
host cells include, but are not limited to, eubactena. sucn as Grammegative or 
Gram-positive organisms, for example, E. coli. Bacilli such as B. subiilis, 
Pseudomonas species such as P. aeruginosa. Salmonella typhimurium, or 
Serratia marcescans. Alternatively, in viiro methods of cloning, e.g., PGR or 

5 other nucleic acid polymerase reactions, are suitable. 

In addition to prokaryotic host cells, eukaryotic microbes such as 
filamentous fungi or yeast may be suitable hosts for the expression of neuitunn 
protein products. Saccharomyces cerevisiae, or common baker's yeast, is the 
most commonly used among lower eukar>'otic host microorganisms, but a 

^ number of other eenera. species, and ^^trains are well known and commonlv 
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Suitable host cells for the expression of glycosylated neurtunn protein 
products are denved from multicellular organisms. Such host cells are capable 
of complex processmg and glycosylacion activities. In pnnciple, any higher 
eukarv'onc cell culture might be used, whether such culture involves vertebrate 

^ in\'ertehr:ue cells, including plan' nnd insect cel!s, V'ertehrn.^c ceils are 

generally used as the propagation or' vertebrate cells m culture (tissue culture) is 
a v/cll knov/n procedure. Examples uf u^cf;ll nian:rua!i.:n ho^l cell lines include, 
but are not l::n:ted to, monke\ kidney CV: line trnn^tltrmed by S\'AO (COS-^ l 
human cmbrvonie kidney line (29? or 293 cells subeloned for growth in 

12 :-aspens:cn cu!:i:re baby hamster k:dney :elk, and Chinese liamster ovary 

^eii,- Other iuiiabic iiiaiiiuiauuii lines include but are not limited to, KeL:i , 
n^oa.e L-'^29 eeils, 2T2 lines derived tVom S'vis::. Daib-e or \1H mice, BHK or 
HaK hamst-r .ell lines. 

Similarly useful as iiost cells sa:tab!e for the present invention are 

1 : bacterial cells. For example, the various strains of k. eoli . - g.. HB ! 0 k DH?a. 
DH19. and \iC;06k} are welkknown as host cells m the l1eld of biolechnolog;o 
Warious strains of Streptomyces spp. and the like may also be employed. 
Presently preferred host cells for producing neurtunn proteins are bactenal cells 
( e.g.. Escherichia coli) and mammalian cells (such as Chinese ham.stcr ovar*' 

2 0 cells, COS cells, etc.) 

The host cells are transfected and preterabiy transformed with the above- 
described expression or cloning vectors and cuUured m a conventional nutrient 
medmm. The medium may be modified as appropriate for inducing promoters, 
selecting transformants, or amplifying the genes encoding the desired 

2 5 sequences. Transfection and transformation are performed using standard 
techniques which are well known to those skilled in the an and which are 
selected as appropriate to the host cells involved. For example, for mammalian 
cells without cell walls, the calcmm phosphate precipitation method may be 
used. Electroporation, micro injection and other known techniques may also be 

^ '"^ Msed 

::;e aie : o > ^ . ^ ^ , 
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Transformed cells used to produce proteins of the present invention are 
cultured in suitable media. The media may be supplemented as necessary with 
hormones and/'or other growth factors (such as insulin, transferrm, or epidermal 
growth factor), salts (such as sodium chloride, calcium, magnesium, and 

? !^ho?T^hatc), buffer^, (such is H^PFS) rvi"!cosid'^s (^^''■'"h ""s ndcno'^ip""' a^^.d 
ihymidine). antibiotics (such as gentamicm), trace elements (defined as 
.ri^^rgaiuc compound:* usually present at fii.^l ^oiwcruratJuns m t:ie micromoiar 
r^i.gc), v:;:d giueo^c or other cnvrg) sou:\c. Oir.ei" ^uppic:i:ciits ihav" jIju oc 
included, at appropnate concentrations, as will be appreciated by those skilled m 

C :lic art. Suitable culture conditioiis, sueii a^ teinperatiiic, pH, vUid ilie like, arc 
a:so \\ eii known to those skilled iii die ail .\m loe u aa luc selected host eeii:;. 

!: i:i also possible thai nei^nunn p;v-tei:i pi'^iduvi be prod^.^ed o'v' 
h j:-.;U)guus icjon^binadon, or 'v\;:k rec j::;bi::a:u prv)du.,:ioi: methods utilizing 
control elements mtroduced into ceils already eonta:r.ing DNA encoding 

z neartum or GDNF. Homologous reeornb:nat:on i> a technique or:g!naky 

developed for targeting genes to induce or correet mutations in iranscnptionally 
active genes (Kucherlapati, Prog. :n \uel. Aeid Res. and MoL BioL 36:301 
(1*^8^)). The basic technique was developed as a method for introducing 
speciHc mutations into specific regions of the mamnialian genome (Thomas ei 

0 ct/.. Cell. 44:419-428, 1986: Thomas and Capecchi. Cell. 5 1 :503o 12, 19S'^: 
Doetschman ei aL. Proc. Natl. Acad. Sci. 85: 85 S3 -858"^, 1988) or to correct 
i>pecific mutations within defective genes ( Doeischman ec al.. Nature. 330:576- 
5^8, 1987). Exemplary homologous recombmcnion techniques are described in 
U.S. 5,272,071 (EP 91 90 3051, EP Publication No. 505 500; PCTl.'S90/07642. 

5 International Publication No. WO 91''09955 ) the disclosure of which is hereby 
incorporated by reference. 

Through homologous recombination, the DN.A sequence to be inserted 
into the genome can be directed to a specific region of the gene of interest by 
attaching it to targeting DNA. The targeting DNA is DNA that is 

,,.^1..^,,,.^,^^, , ^ ^^^j.^^ ^y^^ ^^enoT^'c DNA Small meces of 

' : V V . nta.. : \ \ iMe rarer^ a' - ""hu t ( ■ ■ tt ! r i ; ^, ^, ■ cm iLaih ai n: * ''l 
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a general property of DNA that has been insened into a cell to hybridize and 
therefore recombine with other pieces of endogenous DNA through shared 
homologous regions. If this complementary' strand is attached to an 
oligonucleotide that contains a mutation or a different sequence of DNA, it too 

in?'"»rpor:^ted into the newlv synthesized s'r?.nd ii^ a result of the 
recombination. As a result of the proofreading function, it is possible for the 
new sequence of DNA to ser\'e as die lempiaie, Tl;u^, ihe transferred D\A is 
incorpoiaied into die genuine. 

If the sequence of a particular gene is known, such as the nucleic acid 
5eq:;cnce of a ncununn protein product, die prc-[:io sequence or expressioit 
control sequence, a piece of DNA that i:, eo:iq:ic:nentary lo a seleclcd region of 
die gene can be ^yntne:>izcd or othe^v^■:^e obtained, -a^a as by appropriate 
restriction of the native DNA at specific rc^oiznii'vn sites bounding d;e region of 
mterest. This piece serv^es as a targeting sequence upon insertion into the cell 
and will hybncize to its homologous region wuhm the genome. If thi.^ 
hybndization occurs during DNA replication, this piece of DN.X, and any 
additional sequence attached thereto, will act as an Okazaki fragment and will 
be backstitched into the newly synthesized daughter strand of DNA. 

In the present invention, attached to tliese pieces of targeting DNA are 
regions of DNA which may interact with the expression of a neurmnn protein 
product. For example, a promoter/enhancer element, a suppresser. or an 
exogenous transcription modulator}^ element is inserted in the genome of the 
intended host cell in proximity and orientation sufficient to influence the 
transcription of DNA encoding the neurturin protcm product. The control 
element does not encode neurturin, but instead controls a portion of the DNA 
present in the host cell genome. Thus, the expression of the protein may be 
achieved not by transfection of DNA that encodes the neurturin protein product 
gene itself, but rather by the use of targeting DN A (containing regions of 
homology with the endogenous gene of interest) coupled widi DNA regulatory 
3 0 segments that provide the endogenous gene sequence with recognizable signals 
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cell that contains a normally transcriptionally silent neurturin protein product 
gene to produce a cell which expresses neurrunn protein product. 

Other aspects and advantages of the present invention will be understood 

5 MHon consideration of the followin^T iHiistrativ'e ex^mple^, Fxn-rpi? ! p.ddr??ses 
ihe effects of neurturin protein product administration on hair colls m a Cochlea 
cxplant culture system. Example 3 addresses the c:{cci>. r-f lieuriunn protein 
product admLnistration on nmcr car auditory ncurun^ i>piral ganLdiou neurons i, 
m a dissociated cell cuhure generated from cociilea. 

10 



EXAMPLES 



EXAMPLE 1 

15 Ncurrann Protein Product Protects Cochlear [lair Cclib Against Oioioxicity 
MATERIALS 

The materials used in the following Example were obtained as follows. 

20 Organ of Corti dissecting solution: 

Dulbecco's Phosphate Buffered Saline (PBS: Lx. without calcium 
chlonde, without m.agnesmm chloride. Cat. #14190-136, Gibco BRL), 
contammg 1.5 g/L D-Glucose (Dextrose. Cat, #15023-021. Gibco BRL). 

2 5 Organ of Corti explant culture Medium 

1. High glucose Dulbecco's Modified Eagle Medium (DMEM; 1 X. with L- 
glutamme, without Sodium Pyruvate. Cat. #1 1965-084, Gibco BRL) 

2. 0.15 g/'lOO ml of D-Glucose (Dextrose. Cat. ^1 5023-021. Gibco BRL) 

3. 1% N-2 Supplement ( 100 X, Cat. 17502-030, Gibco BRL) 

3 0 4, 1 00 Units/ml of Penicillin G, Potassium ( Penicillin; Cat. # 2 1 840-020, 

Gibco BRL) 



SUBSTITUTE SHEET mULE 7B\ 



wo 99/06064 PCT/LS98/1 4600 



54 



Preparation of Medium 

DMEM was supplemented with 1 % N-2 supplement, and D-glucose 
was added to a final concentration of 1 .5 g/L. Penicillin was added at 1 00 
5 Units/ml After mixing, the medium was filtered and kept at 4°C. The medium 
was prepared fresh just before use in order to minimize inter-cxpcnmcntal 
variations. Plastic pipettes and containers were used throughout to minimize 
protein adsorption. 

1 0 Neurrurin Protein Product Solutions 

Human recombinant neurtunn protein products were prepared as 
1 ing. ml solutions m D-PBS (phosphate buflcred sahne prepared wiin disuiicu 
wa:er'^ worta:i:i::i: fi'/e pcrccnl bc'inc scrurn albumin. The sohuion> '/. crc :Aorcd 
at -85^C m ahquots Sena! dilutions fO.l: 1; '0: 50; 100 ng'ml in normal 

1 5 culture medium) were prepared in 96 microplates. Ten microliters of ten-fold 
concentrated neurturin protein product solutions were added to Organ of Corn 
expiant cultures medium containing ototoxins or not (contror){90 jil) Control 
cultures received normal medium(10 ^1). The neurtunn protein product 
treatments were imtiated on day of plating. On the second day, media were 

2 0 exchanged into media containing the ototoxins alone, together with neurtunn or 
without both (control). 

Dissecting tools and culture dishes 

1 . The 4" and 5" dissectmg forceps and 4" dissecting scissors were from 

2 5 Roboz Surgical, Washington, DC. 

2. Falcon sterile 96-well microplates (Flat Bottom. Cat #3072), tissue 
culture plastic ware and polypropylene centnfuge mbes were from Beckton- 
Dickinson, Lincoln Park, New Jersey. 

3 0 Ototoxins and Related Reagents 

1 . Neomycin solution (Cat. r^Nl 142, Sigma. St. Louis, MO), used at a final 
concentration of 0.6 mM (a fresh solution was made for each experiment by 
adding 90 ul of Img^mi neomycin and to 1410 jil medium). 
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(a fresh solution was prepared for each experiment by adding 52.5 \i\ of 1 mg/ml 
cisplatm to 1447.5 jil medium). 

3. Tnton X-100 (t-Octylphenoxypoly-ethoxyeihanoi. Cat. #X-100. Sigma. 
St. Louis, MO) 

5 4. Phalloidin (FITC Labeled. Cat. #P-5282. Sigma. St. Louis, MO) 

5. Vectashield (Mountmg Medium, Cat. f^H-lOOO. Vector. Burlingame, 

CA) 

Preparation of rat Organ of Com expiant 

10 Organ of Com cxplants were obtained from P3~P4 Wistar rats. Rats 

were d;capitatcd. the :o\vcr jaw was cut out and skin removed. The temporal 
bone was eollected in dissection solution, the one capsule exposed and the 
b!'nv-c-iruhiLrin(uis cochlear capsule w\^s carefuHv separated from the temnora! 
bone. Freed cochlea w^ere transferred to another Petn dish wuh dissection 

15 solution for further dissection. Intact organs of Coni were obtained by using a 
tine forceps to hold central VIII ner\'e tissue and remove it out, then the stria 
\ ascular membrane was carefully stripped oft^. s:arting from the apex or base. 
The organ of Corti was then transferred to a 35-mm diameter Petri dish 
containing cold PBS supplemented with glucose and ready to be cultured. 

20 

Cochlea expiant culture procedure 

Cochlea explants were cultured in uncoaied 96 we!l microplates. A 
smgle organ of Corti was placed in a well and was kept floating in the m.edium. 

Explants w^ere kept in normal medium for 24 hours (90 |il/w^ell). 

2 5 Neurmnn protein solution ( 10 lal) was added to the 'treated' cultures, and 1 0 |il 

of medium were added to controls. After 24 hours of incubation, the media 
were changed and the explants were exposed to ototoxin-contaming medium (90 
).[1 1, with neurtunn protein solution (10|il) or without (control). The cultures 
were incubated for an additional 3 days. The explants were then fixed wirh 4 

3 0 paraformaldehyde in 0.1 M D-PBS for 30 minutes at room temperature and 

processed for immunostaining. 



,..::iuiu -lauuii^ rne:iA'U wa^ u^eu ;u laoei tne a».Lin pie>.ciu ikKLirau; .i> Uic 
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stereocilia bundles of the hair cells. The explants were washed three limes with 
D-PBS (200 [i\ per well) and permeabilized with 1 % Triton X-100 in D-PBS 
for 1 5 minutes at room temperature. After three washes in D-PBS. the explants 
were incubated with FITC-labeled Phalloidin ( 1 :60 from stock, 50 |al/well) for 

" 4^ minutes at ron:n temperature. The plates 'Acre :(^\'ereJ. \v:th a'v.m:"um foil 
as the Phalloidin is light sensiti\'e. After three more '.vashes with D-PBS, the 
labeled explants were placed m a drnp of glycerol on a microscope slice, 
c j\'ered with a glass covcrslip anc sealeo wnh nail poii^^ii. The explanis were 
Cibser\'ed under a Nikon Diapnot-300 [n\'crted fluorescence m.icroscope, using 
1 C FITC filters and fluorescence optics. 

r)ererm::-i:]on of i-a:r .e:l -un-ocr 

For each cxperinienial pomt, 2 to 4 cochlea were used. In each cochlea, 
the number of hair cells was counted in 2-? section, 1 "^5 mm in length each. 

1 ^: Only the sections m the middle turn of :hc cochlea were analyzec. Each 

experiment was repeated several nines, Tlie numbers of hair ceils in control and 
cisplatm- or neomycin-treated cultures was generated from analyzmg 40 cochlea 
per point. 

20 RESULTS 

Hair cells in the floating expiant cultures did noi die dunng the 
experiment period of four days. Thus, the number of phalloidin-stained cells 
present at the end of the 4 days experiment period, in the absence of ototoxins 

2 5 .md treatments, was 105.4 ± 6.9 (n=28). Ototoxins added to the explants on the 

second day post-plating caused significant loss in hair cell number found after 4 
days in vitro. Exposure to 35 lag/ml cisplatin 24 hours after plating caused a 
loss of about 80 percent of the hair cells: only 20.8 % ± 4.6 (n=2r) of the initial 
number of hair cells survived (Table 1 ) and after exposure to 0.8 mM neomycin, 

3 0 only 5.9% ± 4.7 {n=23) of the hair cells survived (Table 2). There was a marked 

difference in the momhologv of the organs of Corti between these two 
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Structure (3 rows of outer hair cells and one row of inner hair cells). Cisplatm 
treatment, on the other hand, caused a marked disruption of the four-row- 
strucuire and the surviving cells were randomly located 

In cultures that received neurturin at the time of placing (pretreatment), a 



day 2 to day 4). In cultures exposed to cisplatin. treatment with neurtunn 
conceniranons as low as 0.1 ng.'ml caused an increase in survi\'ing hair ceils 
from 2 l^' u (untreated cultures) to 35\j. Maximal protectn'c activity was reached 
with Ing/ml neurtunn (50% sur\'ival) (Table 1 ). In cultures exposed to 
neomycin, neurtunn at O.I ng/ml increased the number of hair cells from 6^-0 to 
22'^ 0. iiiaAiiiial iveurturin activiry (22^ o sur/ival) was seen with 1(] ng/ml 
neuriurm 'Table 2). Neurtunn trcatn;ent presep.ed tlie fuur-ruw morphology m 
Ileum} cm-ireated cultures, but did i;ot prex enL its disrupuon by cisplatin. 




:tctox:n3 



TABLE 1 



Effect of neunurin on cochlear hair cells exposed to cisplatm 



Hair cell survival 



% of untreated) 



Cisplatin alone 
(35 ]ig/'ml) 
Cisplatin+Neuitunn 
0.1 ng/ml 

Cisplatin+Neurtunn 
1 ng/ml 

Cisplatin+Neunurin 
lOng^ml 

Cisplatin+Neurturin 
50 ng/ml 

Cisplatin+Neurtunn 



20.8 ± (3.9 n 



35.5 ±9 1 n-9 



50.0 i 13.8 n=5 



37.0 ± 6T n=^ 



40.8 r 5.3 n=4 



46 ± 10.8 n=IO 



-28 
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\eununn was introduced to the explain cultures on the day of plating. 
Cisplaun (35 \ig:m\) was added 24 hours later, and the cultures were incubated 
for an additional 3 days. The hair ce:ls were stained with FITC-phalloidin. The 
number of ha:r ceils was counted m the middle turn of the cochlea in 2-3 

cj!1s present untreated culaires :ii^er 4 days n: v!:r.^ '105.4 r 6.^; n- 2SV 
Fa^n nuini^cr ; ; ±c nvan n SD of n v:^tchieu:>. 

TABLE 2 

Ffrc.: neunu::n on ^ ncl^icar nair uc^l- c.\po^cd u neomycin 



. ■ o oi un.reateo ) 

N'eomycin alone ^ o r 4T p.-23 

^>e' tinycni^Neurturin 21.6 r 34 ii-4 

Neomycm+Neurtunn 19.0 ^ 3.3 n-3 
I ne/nil 

Neomycin-^Neunurin 21.6 ± 5.2 n=4 
! 0 ng^ml 

Neomycin ^Neunurin l'".4± 3.^) n=3 
50 ng/ml 

N'eomycin-^Ncurtunn 17.0± 1,3 n-3 
100 nL-m! 



N eunurin was introduced to the explant cultures on the day of plating, 
Neomycin (35 ^g/mll was added 24 hours later, and the cultures were incubated 
for an additional 3 days. Tlie hair cells were stained with FITC-phalloidin. The 
number r)i' hair cells was counted in the middle turn of the cochlea in 2-3 
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cells present in untreaied cultures after 4 days in vitro (105.4 ± 6.9: n= 28). 
Each number is the mean x SD of n ccchlcas. 

R^.onibin:int Pr^^duc^i^Mi of.i \curti;::n Proie::: Prccuc: m TL. :oli 

expressed m i:. coli. Compiementaiy. overlapping uliuonuclcoiiues comprising 
I c::cud;i:g :uulcuudc i-c^ucn^c te.g.. Figure j t ultc r^vnuic^ized -..cn ::;ai die 

jodon^ li-cvl were (»pnmizcii lor n. cuii expression, ri:e ongoi:ucieo:;des v. ere 
..::::o.ded ..;;d u>ed v. ,^n:[)Li:e^ loi' PGR pu ._eou:e-> a^ oo^^nbed x. PGR 
Pejinioi^^gy. Principies and Appiicanons for DNA /vnipiiileauon. }ienr\ A. 
Eriich, ed,. Stockton Press. NY. 19S^^ ^Chapter fv LAing P(d^ to Hngmeer 
^ d:c d;sclc>sure ot ^^■|l!e!l is hercb>' incorporated bv ! e;erence, TGe product of the 
PGR reucuon was die fuddength neuinunn gene. Tliis DNA iVagnienr -^'as 
oioncd !n:o an expression \'eetor for expression \\\ R, eoSi. Following DNA 
sequence \entlcation, the expression plasmid was tlien n-ar.>formed mio an F. 
cod b:Os: strain, 

C 

EXAMPLE 3 

Neununn Protein Product to Promote Sur\ ivai of Inner Ear AuditoiA' Neurons 
I Spiral Ganglion Neurons) and to Protect Against Oiotoxms 

5 

MA PFRIALS 

The materials to be used in the foi lowing Example may be obtained as 

follows 
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{n\ 7504-0 1 01 penicilliny'streptomycm (^^ 1 5070-0 1 4), L-glutamine ( ^25030- 
016). Dulbecco's phosphate-buffered salme (D-PBS: ^14190-052). mouse 
lamniin i -23017-01 5], bovine serum albumin and fractionV (=^1 10-18-01 7) are 
all from GIBCO/BRL, Grand Island, NY. Heat-inactivated horse seram is from 

^ f ! ocrir, I'tah Pf^h/'I -^•^r:*!^:*:-^ u,_.J..,u^^ i > ;p -i^^.'n^ i-v 

insulin i "^OOl human transferrm (T-22:^ZV pu!r;.':^cine ( P-^^'^24\ p:r^--,;r jrnn: 
'^-t'^l-m soJium selemtc (S-0i:^3i a:- .ill !>.:ni S:gnia Chjm:c:i! C^^mpjny. 
"^aint^.-ius. MO. Papain, deoxynbonuclcasc 1 (DNAa^c) and c\albuni:n 
( Papain dissociation system) are from Worthington Biochemicals. Freeh.jld. NJ. 
i:^ Fakon si^::k ^V-\vcl! microp'aic^ (-:'0"2). t:s^uc :uln:re plastic ware and 
\ LJU)[>v X'liC cc/]Li'itugc lubes arc Irr^n [jcck'u.Mi-.3iv,Kinson. Oxnard. 

Jis>cc::ng iorceps And 4" dissecting >^i>^or^ arc :r,)'n Roboz Surgica;, 
Washington, DC 

\r/.!bod:js ar.d Related Reagents 

Neuronal Specific Fnolase i NSF) -^^bbit poKcional antibody, is from 
Chemicon (-.AB951), biotinylated goat anti-rabbit IgG (#BA-1000) and 
peroxidasc-conjugatcd avidm.''biotin complex (ABC Elite; kit PK-6100} are 

2 0 from Vector Laboratories. Burlingame. CA. 3\3'-diaminobenzidine is from 
Cappel Laboratories, West Chester, PA. SuperDlcck blocking buffer m PBS 
("^3 "^51 5 ) is from Pierce. Rockford. IL. Triton X-:00 (XIOO). Nonidet P-40 
(N6507) and hydrogen peroxide (30%, v/v; HI 00*^) are from Sigma. Ail other 
reagents are obtained from Sigma Chemical Company (Saint-Louis. VIOL 

2 5 unless otherwise specified. 



Ototoxms 

Cispiatin (PlatinoLAQ, #NDC 0015-3220-22) is from Bnstol-Myers 
Squibb. Pnnceton, NJ, sodium salicylate is from JT. Baker. Phillipsburg, NJ. 

30 (^3872-01) and neomvcin is from Sigma (#NI 142L 
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METHODS 

Pre paration of M edia 

A basal medium is prepared as a 1:1 mixture of DMEM and F12 

conccn:ratcd ^tock soluiion. The n2" '^:'^dv^:^■] ^upp:cr-io^:t ci^nsis:- of biotin. ! - 
c:n::::::^, ^o::\cc^:cvcv,-:. cthanolanj:nc. Df- i-ga! j.::':.- rc.iuccJ gk::athio::e. 
liiioie:^ acid, linobriic aciJ. projj:::cro::j. pi::rc;^c::;.. rj::nyl accuuo. .^jlcniun:. 
T? r.nodo-l-thyrcniac. DL-alpha-tocopnerol; \'Uam:n E), DL-alpha-iocophcrol 

IZ aceiatc. bo\at;: >an:::^ aibunim. ^aiala^j. insulin, ^l:pcro:^]dc di^mu:a:^a and 
a j: I .ii. L-glaiau^ii";^ .> addco .n a ^^nal iv:'rcc:uratU;u a^^oul 2 rnM, 
pen:-:::aa: .ibv^u !0n ]{: l^-d -:;-cp:oniy.:n J'^^;a 1 n:a 1. Haui- 
niacnwilcd Ikif.nc scrjin, is .ukied to a i.r:<\\ corxcwirdiion ol dboui 2.5 percent. 
D-glucose IS added to a final concentration of about 5 g 1, HEPES buffering 

15 agent ;^ :idded to a tln:i! concenin:\r!on of anoiit 20 rTo\L hovme insulin is added 
to a final concentration of about 2.^ mg mb and human transferrin is added to a 
fina: concentration of anout Od mg ml. After rnnung, the pH is adjusted to 
about ^.3, and the medium :s kept at 4 'C. Tb.e media are prepared fresh just 
before use m order to mmirnzc imer-experimcntai variations. Plastic pipettes 

2 0 and containers are used throughout to mmunize protein adsorption. 

Neurtunn Protein Product Solutions 

Purified recombinant neurturin protein products (e.g., figures 1 and 3 ; 
are prepared as 1 mg/ml solutions in D-PBS (phosphate-buffered sahne 
2 5 prepared with distilled vvateri containing f:\e percent bovine serum albumin. 
The solutions are stored at -85^C in aliuuots, Sena! dilutions are prepared m 
96-\vell microplates. Ten microliters of ten-fold concentrated neurturin protein 
product solutions are added to cell cultures containing culture medium (90 |alj. 
Control cultures receu ed D-PBS with 5 percent albumin (10 )il). The neurrurin 
0 protein nroduct treatments are added to the cultures one hour after cells are 
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Ototoxins preparations 

Neomycin is added straight from a stock solution (about 10"- Ml at 
10 \a\ per well to result in a final concentration of about 10'"^ M. Cispiaiin is 
diluted with culture medium from the stock solution ( 1 mg rnl) to a solution of 
-3 j.ig ml and added at to in per wen, to result in a iinai conceniration of 

- ^;gyii:i. Suuiuni :>aiicvidLc lb urcpar^M iroiu pursuer 'a< a ^tuck ^oiuLiun ui IM 
in PBS and further dilutee m llie culture medium to lOU mVK wnich results m a 
10 mM fmai concentration when added at 10 j,il/well to ftie culiure. 

C Culture Substratum 

To encourage optimal attachment of spiral ganglion cells on substratum 
and ncuritc outgrowth, the micrcHiicr piate surfaces (ihc cuiiurc ^ub^tratumj arc 
modirled by sequential coaling with poiy-k-ornithme foilow-ed by larnmin in 
accordance w ith die fo'lou mg procedure. The olaie surfaces are compleiely 

::■ cov ered wun a 0. i nig' ml stenlc solution of poiyorni tin ne m 0. 1 M boric acid 
[pH 8.4) for at least one hour at room temperature, ibliowed by a stenle wash 
wdth Super-Q water. The waiter wash is then aspirated, and a 10 )ig'ml solution 
of mouse laminin in PBS is added and incubated at 37"C for wo hours. These 
procedures are conducted just be tore using the plates in order to ensure 

0 reproducibility of the results, 

Preparation of Rat Spiral Ganglion Cell Cultures 

Three- to four-week-old Wistar rats (obtained tTom Jackson 
Laboratories. Bar Harbor, Maine) are injected with an overdose of the following 
5 solution: ketamme ( !00 mg^'ml); Xylazine (20 mg ml) and Acopromazine 
Maleatc 910 mg/ml) at 3:3:1 proportions. The rats are then killed by 
decapitation, and the temporal bone with the cochlea are dissected out and 
transferred sterilely mto PBS with 1.5 g/L glucose on ice. A maximum of 
30 cochlea are processed per experiment. The cochlea are opened, and the 



SUBSTITUTE SHFFT^Rni p 9A\ 



wo 99.06064 



PCT/US98/ 14600 



- 63 - 

rotar\ platform shaker at about 200 rpm. The dissociation solution is replaced 
vviih a fresh solution, and :he incubation is resumed tor another 30 nun. The 
cells are then dispersed by trnuration through fire-polished Pasteur pipenes, 
sieved through a 40 |.im Niiex nylon mesh to discard undissociaied tissue, and 

:^no units r)N-\ase, layered on lop of a Un:: pc:vc::l ..;bi:nii:) ^o\u{\>v. [va 
I--:3SS and .cntrifugcd for aoou: l> n-in.uc^ a: 500 \ ^. Yh- iinal pellet lo 
re^uspenaed in about 6 mi of the culture mediua^ and -ceded at 90 |al. well in tlie 
prcvuatcd plates. 

■ ':".n;'.;n'.TrnO'.;hcni!^ir;.' >M"^pnvu ^anLtnon ■cll.^ 

Spir:d i^anyiion neurons are idcntihec by in;jnuno!ii^toci:e:n:cai ^taiuin^ 
for neuronal specific enolase (NSE i. Cultures of spirai ganglion cells are tlxed 
for about 10 minutes at room tem.perature with eiLiht percent naraformaideh\'de 
in D PBS. pH ^A, add-d at 100 al 'acII to tnc culture mcdmm and then :-cp!accd 
b\' i 00 [[\ of four percent paralonaialdehyde fcr additional I 0 mn^uies, t\jllowed 
b>' three washes in D-PBS 1 200 |al per 6-m.m well). Tlie tlxed cultures are then 
incubated ;n Superblock blocking buffer in PBS, containing one percent 
Nonidct P-40 to increase the penetration of the antibody. The rabbit polyclonal 
aiui-NSE antibodies (Chemiconi are then applied at a dilution of 1:6000 in the 
same buffer, and the cuhures are incubated for two iiours at .^""^C on a rotaiy 
shaker. After three washes with D-PBS, the spiral ganglion cell-bound 
antibodies are detected using goat-anti-rabbit biotmylated IgG (Vectastam kit 
trom Vector Laboratories, Burlingame, CA) at about a i .300 dilution. The 
-econdary antibody is incubated with the cells tor about one hour at Tw^C. and 
the ceils are washed three times with D-PBS, The secondaiy antibody is then 
labeled with an avidin-biotin-peroxidase complex diluted at 1 :300, and the cells 
are incubated for about 60 minutes at il'^C After three more washes with 
tn:^<< »K-> Hhpierf r-e'i cn'nire^ are reacted ^or *^ minutes in a solution of 0.1 M 
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Determining Spiral Ganglion Cell Survival 

After vanoub limes m culrure (24 hours, 3 days and 4 days), rai spiral 
ganglion cell cultures are fixed, processed and immunostained for NSE as 

2nnx r^^.'^ri ficn^ion \\\ of the NSF-^o^'-'V'^ ^^^-^ir-.^-y; -^r^^v-^-^'-^t it-] '^-^v.^^'^ 
:irc j.Kinicd. X'iable spiral ganglion cells ;:rj c!-Mrac:ori/cd !ia\ ing a r.n:nd 
bv)dy \\ :[h a size rang:nu from ::-40 urn and be.;:-i:i-z ncii::::^ j:.. S-):ral 

gangiion cells showing signs of degeneration, sucii as :ia\ ing irreguiar. 
\acuola:cd pcnkar>'a or fragmented neumcs, are excluded from the counts tm.ost 
or the dcgcnerarmg spiral gangiion ceiis. ;:o\^e^c:. dcia^h^d from ihc culture 
: :.:^straiam ! C*ci! nan^bcrs .:rc c\pr^->cd ciihcra- ^clN ^ well ■ c' as 

iv^d- Ji..:igc rcianw control ccii dcnsiu. 

RFsms 

C'ulturcs of rat spiral ganglion neurons nuy be used to dcmcnstrau the 
effect of neununn proiem product on survp/al and protection against ototoxms. 
The spiral ganglion cells are obtained from three to tour-week old rat cochlea. 
The dissociated ceils are then seeded into polyomithmedaminm-coated 
microplates at a density of about 1 cochlea per 2 wells :n D\1EMT12 
supplemented with WJ medium supplement, 2,5 percent heat-mac tivated horse 
seaim. D~glucose. HEPES, msuim and transferrin. The cultures will consist of a 
mixture of neurons and non-neuronal cells. PreterabUa the only neurons present 
are spiral ganglion neurons, and these ma> be identitied by the presence of KSE 
immunoreactivny. 

The effect of neurturm protem product admmastration is assessed on the 
survival and morphological mamration of cultured rat spiral ganglion neurons, 
as well as on their ability to resist the toxic effect of a known ototoxin such as 
cisplatin. Cultures of spiral ganglion cells are treated 24 hours after seeding 
\^'ith human recnmbinant neuruirm protein product (ranging from 50 ng/ml to 
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auditory neurons between control cultures and those treated with neurtunn at 
I ng rnl and 10 ng;ml. After an additional period of 3 days, treatment with 
neunnnn at a concentration of 1 ng ml is noi expected to result in a significant 
increase m neuronal cell number. It is envisioned, however, that there will be a 

o'oi^or'it? control c.lturc^ c'l't'i'^''^- *"-""-"'*cJ i o ' ...j,-^^,^.^ 

:ibri.[ ^^^"^ : of il:o nci:r^:'ns present after ^.A hours arc axpcLlcd :u sur\-ivc, 
rcprj:-coooi ao :o."cr..^c -f/ u increase vOvvr 'wtjotrol c.olai'Co. i i^c trophic" oiicci 
i> expected to be even stronger than la cultures treated v\ iih 1 ng/nii neurtunn. 
10 Neurtunn ;s abjo expected tc protect spu^a: ganglion neurons from 

ei^p.aiii; iox:l::\ . Lxposure of cuiiures to 5 pg iva c;>piuoii 24 hovii ^ auei 

tO neuron^ after 4 liay^ m eullure. When neunurni i> added together with 
the cisplann, the number of neurons found at'^tcr 4 da\'s is expected to be 
15 s:gn:ficaot!y loeiter It is also en'vasioned tiiat this prete.to e efreei of neurtiiru: 
:n dose-dependent and that about 60 percent ol'ihe nearcn^ that respond to 
neurtunn [about 40 'o of the -pirai ganglion neuron population) ean also be 
protected against cisplatm toxicity. 

20 

EXAMPLE ^ 

Neurtunn Protein Product to Promote !n vivo Survival of Cochlear Hair Cells 

The following example describes the inner ear administration of 
2 5 neurtunn protein product to protect cochlear hair cells against ototoxicity in an 
animal model. The neurrunn proiem product is introduced into the inner ear via 
a cannula pushed into the scala tympani through a hole drilled m the basal turn 
of the cochlea. The cannula is comiected to an Alzet mini-pump loaded with 
neurtunn protein product ( 50 ng/ml) at a releasing rate of 0.5 |il/hour for 14 
'^'^ dav<; TiO-platm ' m iniections are started two davs after the cannulation. at 

. voenioa: a. , N ' osoiiLiiLO .oic: . .;a^. > aaiiv.. ■■ o . -..ooovi ^■^aa:;.' 
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phalloidin, and their number is determined m the middle rum of the cochlea (m 
at least 20% of the middle turn part). The results are expressed as the percent of 
hair ceils lost for each mdividual gumea pig for the neurlurin protem product 
treated ear (right ear) and the untreated ear ( left ear). 

0 Min-puinp Pyci xiraiic^n Materials : 

Medicai \iiiyl Libinii size \' 4. caiaiv^u NoBB317-6:), is ironi boiab 
;v '■^^■■■''j ' riM.c:" b:\:n^ 3 ini pbi:^Li^ pipeiico are u^ca. 

Mi^roiUinen Po;\'iniide lubmg, catalog :'C)L)U4853 OG (Tampa Florida; is used. 

Silicone Medical Product MDX 4-4210. is from Dow Coming Corporation, 
5 Mid!a:^.d. ML A!zct osmotic nvju-punrj flow moderator and Al/ct (,\^moiic 

::a:::i-n:n:p, C-aiug No 2002. are irom Aiza Cuip.. Palv> Alio, CA. 7 ape 

rrimeMcd lap.-. Pro5iP2S, Product No 1 IQ'^f 0, is from ?CR Incorporated. 

Gaines\ illc Florida, Purified neurrarin protein products are prepared as 

50 ng ml solutions in D-PBS and 0. FN BSA. Sterile OA % methylene blue 
0 (catalog ^ M-9140) dissolved m PBS. and mineral oil (catalog 400-5), are 

fron: Sigm.a, 

Mmi-pump Preparation Procedure : 

\'inyl tubing is cut into an approximately four inch section and placed m 
5 a miniature vise. A piece of the Microlumen Polyimide tube ("^ mm ) is oiaced 
into the end of tb.e vinyl tube. Silicone is mixed by adding approximately 1 0 
parts of base and one part of curing agent. A droplet is placed at the opening of 
the vinyl tube using a fine probe, and the Microlumen tube is pushed into the 
vinyl, leaving 3T5 mm length extending from the vinyl tube. Using a drop of 
--nht- ' ^maF ^aF -'^^ c-:Mted around ^Fe Microhimen rube. 
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The diameter of a 5 ml pipette is increased by applying three concentric 
layers of rape down the length of the pipette. A constant gap is left where the 
pipette remains uncovered. V 4 uibmg is wrapped around the pipette, and the 
coils are adjusted so that there are two loose ends of aibing and there is a 

-upcr 'J. I'd-: ill c ^pph^o c\eniy on liu .oiii. ^uy^nL; ior a mininu:::: ji on^ 

iiuLi:, liic iuuiC ciiu^ arc aiiL;ncd approx.iiiaiCtV paraLCi Uj ihc pipciie ai;d 
.secured m place with one s:rip of tape. A drop of super glue is applied to secure 
ihe rubing :o :hc coilh. Following oxernighl dic ing, the tape :s remo\ed and the 

are s:id ir: me pipeilc. A i\v.- n:ucera:o:" :r. m.^encd nuo one oT the luu^c 
^ :V-f^ '^^'-^.-^i ie^ui'C.i w i:h on^ a: l < ^f >u[:ei- giu^. 

ihe coih^ are Hushed wuh T'a Prosil 28 in water, rinsed tnorougniv witi) 
water and then tlushed with 70% ethanol. i he eihanol is removed by means of 
:: syringe cr mv \'acuum. Co\\< are 'cU in the ce^::ca:or v. iih air \acau:i: on lor 
at i-a-: 30 nKn:::c:> and are kjpi o\^m:gi:t :a Ao^^d and iighi dc^^i^e^tor 
followed by gas sterilization. During the loading procedure, the coil de\'ice is 
kept horizontal as much as possible to prevent graviiy driven movement of the 
hquids of neurunn protein product. Oif and d\ e. The formation of air bubbles 
:n the pump or coils :s avoided. The punip is submerged in sterile PBS and 
incubated oveiraght at 3"" C, 

The loading of a pump with methylene dye is done by holdmg the pump 
m a venical position. A dye-loaded syringe is msened completely into the 
pump, and the dye is injected until the pump o\ ertlowed. Injection of any air 
Hubbies into the pump is avoided. A shon piece of sterile V. 4 tubing is placed 
onto the Flow Moderator. Neuruirin protein product is loaded at a concentration 
of 50 ng/'mi in PBS + 0.1% BSA, in a total voiume of 230 pi, to wuhm about 
10 mm of the cannula tip, usmg a synnge connected with V/4 cubing. For 
vehicle control expenments, the same volun e of PBS + 0.1% BSA is loaded 

tK.. T-rpin^ Tbe shon piece '^fV 4 ^Mh^rt'^ ^emo\eci Vfmcral oi' 's then 
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and 7 mm of mineral oil are mterposed between the pump fluid and the line 
fluid (mfusion fluid). A Flow Moderator is insened comoietely mto the pump. 

PUM P rNSERTION IN INNFRFAR 

i issue adhesive glue - C'yanoacryidic, is iron] 'v eioond Tissue Adiiesue, 
3M Animal Care Products, St. Paul. MN. Carboxylate cement HSPE Dureion. 
catalog -03828, is from ESPE-Premicr Sales Corp.. Nomstown PA. Methyl 
melhacr\iate is from Lang Jet Acrylic. Lang Dental MFG, Co., W'heehng, IL. 
Dis,":,ccling toois are irom Robo/ Surgicji. Xyla/me. ketamme and 
oupreriorpnine are used. LuoricanL O'pnUiainnc Uunn^-nt i AKW A Tears) l^> 
irom Akom Uic, Abita Springs l-A. Xviocame 2%, ^aiaiog No NDC Oi^b- 
0160-01, IS from ASTRA. Medical Grade Silicone Grease, Art. No. 51.300, is 
Tom L'niincc. Dureion Pulvcr puwdcr ca:Dux\ iatc-Lcnicnt. catalog No. D- 
^'22^9, U'om ESPE, SeetCid. Suiraie unumeni iBacnracm Zinc-neomycin, 
catalog No. 0168-0012-31 ) is from Fougera. 

Procedure ; 

Albino guinea pigs (250-350 g) are anesthetized with a mixture of 
xylazine 10 mg/kg, ketamme 40 ing. kg and buprenorphme 0.05 mg/kg, The 
right ear area is shaved caudally, starting about 2 cm anterior to venex, 4-5 cm 
posterior to scapulae and postauncularly. The shaved area is washed with 
Remdme. Lubricant ophthalmic ointment is applied to both eyes. Xylocame is 
injected subcutaneously into the tissue to be incised. LNmg aseptic teclmique, a 
post-auncular incision is made, Using a fine needle, a hole is drilled into the 
bulla to expose the middle ear cavity and visualize the cochlea. A small hole is 
drilled manually into the bone wall of the basal turn, below the round window 
using a fine needle. The tip of the cannula is inserted into the hole until the 

"''ill:: ^ .:r"?''^x\ :cmcr^! . ■ P* :.!■.'.'■..] a'' ^m:^^: .jI'TIli';* i^\t'rrn ' 
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cyanoacr\'iate. Once the cement hardens, the placement is confinned, and the 
rest of the hole is covered with carboxyiaie cement on top ot^i layer of silicone 
grease. A subcutaneous pocket is made between the scapulae to acconnmodate 
the pump which is then inserted. The subcutaneous pocket is rinsed once with 3 

n^i ot^!en!c PRS plus Gcntnnv>*c:n .iiscoura-o :::fo:':-;i. The :::.:is:o:: : • 
-A-NC.: WKM Wi:'i::-d a:":cr vi:::\A.::../o:]j ;\)V, ^l^: :^ j;:piieJ .i:\:i:na tj;c 
wound. 



DEAFENING: 



C:^platin (Plaimoi- AQ )■ .aiaiog No NDo (JO 1 f -3::0-2:, i:. irom Bristol- 
Myers Squibb [,ahoratorics. Princeton. NJ. 

Procc.::!rc: 

Injections ofcisplatin (i.p.) are started days aner nuni-pump 
implantaiion. Two paradigms of application arc a^cd: cither tv\o "..^ nig/kg 
mjeciions made at a 5 days interval, or I nig/ kg daily, for 15 days. 

PERFUSION : 

After tour weeks, the guinea pigs are deeply anesthetized with a mixture 
of xylazine and ketamine. and are perfused transcardially with ice-cold PBS 
tbilowed by ice-cold 4^: paratunnaldehvde m PBS. Temporal bones are 
remo\'ed, and the bony cochlea is placed m d'^o paraformaldehyde for 

posifixation oveinight at 4T. 
STAINING 

Surface preparation and Phalloidin stainmg methods are used to stain 

v-nir .-(-IK- T^e Hor\' -w-^^^'e:^ 'Opened ^'ni^ ^^edle nr rrii H]ade Stria 
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needles. Care is taken to remove it intact. The procedure for Phalloidin staining 
IS similar to that performed for the ni vnro cxplants. with the following changes; 
permcabilization is done for 20-30 minutes, and Phalloidin is added for 90 
minutes. Apex, middle turn and basal turn pieces are mounted on a 60x22 glass 

^^ai-pic^: arj cr'.vrcd - a ;2x:2 mm --.-f in :nni ^ca:cd u'i:h nan pchsh [j 
nn; np.n.nunn 

DATA ANALYSIS 

f\a:h cnchlc.i :^ examined under mi^ru^copc with a FITC liltcr sci. 
nmhl bccmcnii 'A in^ :he greatest hair ccli lo^> irom miuturn of ba:;al membrane 
.n c hCiCvj/^n ^i:o piunnnmpneLi n>iim c.n an.;x_i:cj ^■nnipuicr pLiiUjr. i lair ccii 
^cnnts arj pcr;orn:c^ nunu^!i\, usnm the piiutugiapiib. ni each uunnai, hau" wcli 
loss m the left car fas a control, ne.. without neuruirm protein product infusion) 
;> comr'nrjc n^ nau' ecu Il^s n) the :ng:n c.n" mcn::.n'ni p:"j:eiii procue: infn:^vvf:, 

RESULTS 

CiSplatin injections result in a significant loss of hair cells in the cochlea. 
This loss, m the middle turn sections analyzed :n the left cars of three guinea 
pigs iniecied with cispiatin at 1 mgTcg daily for 1 5 dav^. is expected to be from 
20 to 50*^' 0, Also in the guinea pig injected with cisplaiiP. at a 7.5 nig kg twice, 
instead of the 1 mg4g daily, there is an anticipated loss of approximately 40" o 
of hair cells in the left ear. The introduction of neununn into the right inner ear 
of each of the gumea pigs, is expected to result in a significant reduction in the 
loss of hair cells. In animals implanted with a mnni-pump filed with vehicle 
instead of neurturin protein product, there is no expected difference in the 
number of hair cells found m the left ear (untreated can and the right ear 
(implanted) ear. 
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Neunurin Protein Product Injections to Promote In vivo Survival of Cochlear 

Hair Cells 

The following exannple describes the use of neurtunn protein products to 

.ar c) a :5:ng.e iiijecLiun liii'uugi) Uie u iiipanic ;ne::;oi'aae ai a 
vuiiceiarauon of 1 mg-nil ui PBS - i % BSA m a voiunic of 12>;35 ml 
Ci^piatin i.m. mjcciions arc started a day af:er the neunurin proteui product 
irijecuori a[ ^,5 mg. kg, l\v:ce, a: a 5 ciays intcr\-al The expennieni is lemunaled 
:l:rcc e!ay^ a::er :l;c second cisDiatm n\iec:;cn. The nair cciis arc ^la^ned w ith 
riT; ':;:_hv idai. a:id li:e.r ::aii:bc: acierniiiicLi in ;[ie middle .urA li^e ..i^nica 
i:n ai ia.i;:: 20" , jf the middle lani pan). The rcsaii^ are expre^^ed as me 
percent t^fhair cells lost for each individual guinea piu for the neunurin protein 
l^r'nia:: ^reared ear (righl can and the antrcaiea {]^^\ car). 

MATERIALS 

The materials used in this experiment are the same a^ those u^ed in 
Example 4. 

Procedure : 

Albino guinea pigs (weighing 600-700 g) are anesthetized with a 
mixture of xyiazme 10 mg/kg, keiamine 40 ing/kg and buprenorphmc 0.05 
mg kg. Under a surgical microscope, a hole is made in the tympanic membrane 
of the right ear by insenmg a 27 gauge needle into the membrane. In another 
location of the tympanic membrane, neunurin protein procuct (at a 
concentration of ! mg/ml in PBS + l^o BSA) as injected mto the muddle ear 
cavity so that the whole cavity is full ( 125-1 35 lalE A few animals are injected 
with vehicle only fPBS + 0.1% BSA) instead of neurtunn protein product. The 
rext da^■ an i m irjecrion of cisnlatin (7 s rnij'ki.A made Five davs later, a 
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total experiment period), the animals are sacrificed, tissues are fixed and cochlea 
are analyzed as described m Example 4. 

RESULTS 

:i;at do not roccr. c nourturin protein produji, the loss of hair ^ clls ni tiic iniJd;j 
WWA of the cochlea is expected to be 35 :o 50'' ;:. Injection of ncunnr:r. :_uctein 
product into the cavir\' of :I:c ni:ht middle car, a: 1 me niL is cxpccicC reduce 
*h:s Ic'^s ncaLuK': 'o a boot 1 to 30'^;^;, ( iumca oms that rccc:\ c '-chicle 
injections in:c ;hc right c^r ;n-icod v\ :icor:or;n protein p:odo.,n o:-e n^ i e\ne.:.o 
:o de:no'^sn-;ne a difference in heir ceil noniber b^OAce:^ the rieiO ' n'e:ned'; a:\: 
leU (untreated) ear. 

Numerous nnodificanons and varianons m the practice of the !n\ ention 
are expected ro occur to rhosc skilled in tlie art upon consideration of the 
foregoing description of the presently prefeiTcd enabodiments thereof 
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CLAIMS 

Whai IS claimed is: 

1. A uicLiiuU tur ircaung sea^ut'iucuiai iicaiuig lu^^ cunipiisiag 
wIIcl;ii\c aii;uui.l ci a liCurUir.ii pruic;n prouuvL. 

2. Fnc ir.cihud ofclaini 1. wnerein the hearing loss is associated with 
injury or degencra:ijn ufncurocpithcnal huir ceiL m the inner ear. 

I nc niomoa t/i ^nnin ^\nerein liic; iicurinL: a.)ss i>: jb^ociaicci \^uii 
avjun- or degeneration o: sp:ia. -iaaghun ncuroiib. 

4. [he !:iethod v"f cia:n: i. wiuicni ihj :icL::nrni pruuni piodiivt the 
aiinnu ^.cid sequence set lurih in Figure 1, 2. 4 or 5 (SEQ ID NO^: I. 3, 4 or 
5 ) or a variant or a derivaiive tnercof. 

5. The method of claim 4. wherein the neuriurin protein product has the 
ammo acid seqtiencc set forth m Figure 1 (SHQ ID NO: 1 ). 

6. The method of cKiim 4. wherem the neurtiirm protein product has the 
ammo acid sequence set forth m Figure 4 fSEQ ID NOs: 3 and 4h 

7. The method of claim 4, wherein the neurturin protein prc^duct is 
^Vlet" ' ]neununn. 

8. The method of claim K wherein the neurturm protein product is 
administered at a dose of about 1 fjg^kg/day to about 1 00 mg/kg/day. 
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9. The method of claim 1 . wherein the neurrurin protcm product is 
admmisiered by cell therapy or gene therapy means wherem cells have been 
modified to produce and secrete the neurtunn protein product. 

\ I, Tnc nictiiud ^r'ciaiai .S, wncrcin liic ccii^ iiaxc b^cn riiodificd \ivo, 

[1, A method for treating iesion:> or disturbances to the vesubular apparatus 
con^onsing adnunistenng lo a subject iia\ i:)g sucii a Ic^ion or disturbance a 
ii^iCrapcuncaliy erYcctr/e amouni ot a neurturui proiem proouct. 

:3. Tiic meiiiod oi ciaan 12. -Anerein toe ^c::>iuii oc ai.^;urnan^c results ui 
dizziness, venigo or loss of balance. 

The mc:hod of ^.lami iZ, wherein Lh.e neuriunn pioic;n produci :s the 
annuo acid scqucuLC :>ct fuMh m Figure 1,2,4 or 5 ( SEQ ID NO. L 2, 3, 4, or 5 j 
or a variant or a derivative thereof 

15. The metiiod of claim !4. wherein the neurtunn protcm product iias ihe 
ammo acid sequence set forth in Figure 1 (SEQ ID NO: ! ). 

16. The method of claim 14, wherein the neurtunn protein product has the 

an:ino acid sequence set forth m Figure 4 {SEQ 10 NO^: 3 or 4) 

The method ot^laim 14. wherein the neurra:-m protein product is 
[Mef ^]neurtunn. 

18. The method of claim 12 w herein the neurtunn protein product is 
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19. The method of claim 12, wherein the ncurtunn protein product is 
adminisiered by cell therapy or gene therapy means wherem cells have been 
modified to produce and secrete the neurturm protem product, 

21. T:ic iiKihod of ciaiin IV, wticicui liic c-^A^ ikivC occn muunlcd in Vi\o. 

22. A neununn protein product comprising the ammo acid sequence 
depicted m l-:uure 4 (SEQ ID NOs: 3 or 4i 

^-v i lie protein ui Llaim 22. vwicrem tlic atriino aciu sequence nas a nicLhionme 
i csiduc at the amino temimal. 

24. The protein of Claim 22 which is niodinod by aitachmcnL ofonc or more 
menc moieties. 

25. The protem of Claim 24, wnerem ihe polym.enc moiciy is poiyethyicne giycol. 

26. A pharmaceutical composition con:iprising a neurotrophic protem of clami 22 
■n combinanon with a pharmaceutically suitable carrier. 

2"^. A nucleic acid sequence encoding a ncurtunn protem product 
comprising the ammo acid sequence depicted in Figure 4 (SEQ ID NOs: 3 or 4). 

28. The nucleic acid sequence of claim 2"^ comprising the sequence depicted 
m Figure 3 (SEQ ID NO: 3). 

29. A vector comprising expression regulator>' elements operatively linked to a 

..Mj, A iiust cell transtormec or transtecica wiin me \ector ot claim 
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31. The host cell of claim 30 selected from the group consisting of mammalian 
cells and bactenal cells. 

v.hcrcin said cell expresses anci seerjtcs ::-i:r:i;r:n pr.irein product. 
# 

33. The host cell of Claim 30, wherein said cell is transfomied or trausfected ex 

VIVO. 

34. The host ceil of Claim 30. wherein said cell i> enclosed in a semipeaneablc 
;re;"::crcnc sui'abie lor human impianiauon. 

35. A method for the production of a neuroirophic facior comprising the steps of: 
(?.] .ulturing a host cell transformed or ::cnifcv:cd *a nh a nucieic acid ^eciaence 

encoding a neurotrophic factor comprising liie ammo acid sequence depicted 
in Figiarc 4 (SEQ ID NOs: 3 or 4) uncer cotiditions suitable t^or the 
expression of said neurotrophic factor by said host cell; and 
(b) optionally, isolating said neurotrophic factor expressed by said host cell. 

36 The method of claim 35. wherein said nucleic a.ud sequence comprises the 
sequence depicted in Figure 3 [SEQ ID NO: 3). 

37. The method of claim 35, further comprising the step of refolding the isolated 
neurotrophic factor. 

33. The method of claim 35, wherein said host cell is a prokaryoiic cell. 
39. The method of claim 35, wherein said host cell is a eukaryotic cell. 
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(b) cells encapsulated withm said membrane, wherein said cells secrete a 

neurotrophic facior comprising the amino acid sequence depicted in Figure 4 
<SEO ID NO: 3 or 4); 
said membrane being permeable to the neurotrophic factor and impermeable lo 
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SEQUENCE LISTING 



1 ^ 



50 



GEi\E?j\L INFOKi/iATION: 



APPLICANT: Magal, Ella 

Delaney, Cohn M. 



10 HEARING LOSS USING A NEURTURIN PROTEIN PRODUCT 

U::.. NUMBER OF SEQUENCES: 5 



:iv: CORRESPONDENiJE ADORES S : 

(31 STREET: One Ajngen Cencer Drive 

iC^ CITY: Thousand Oaks 

(D; STATE: California 

;E^ CCUNTRY: USA 

20 IP) 7.1?: 91320-1739 

:v CCMPUTER readable FORM: 

■ 3] COMPUTER: IBM PC ccnitjcA - i o 1 e 
2 5 'C: '}PERJ^ I ^'■'^ ■^"''S'"E^'^ ' '^C-EC'^ ■■' - 0 

iO) SOFTWARE: Patentln Release n^ .0, Versio-^: ;* 

^vi' CURRENT APPLICATION DATA: 

:A; APPLICATION rrjMBER; US 

:C ' CLASSIFICATION: 

'vi:, PRIOR APPLICATION OATA : 

\Aj APPLICATION NUMBER: US 60/054164 
35 (S) FILING DATE: 30-JUL-I997 

■:viii ATTORNEY/AGENT INFORl^J^TION : 
(A) NAME: Curry, Daniel R. 
(3) REGISTRATION NUMBER: 3 2,72 7 
4 0 (C) REFERENCE /DOCKET NUMBER: A -444 



:FC?C-1ATI0N for SEQ id NC:1: 

SEO'UENCE CHAPJ^XTERI STICS : 
':A; LENGTH: 102 a.Tiino acids 
15) TYPE: amine; acid 
iC) STRANDEDNESS : single 
'D; TOPOLOGY: linear 



^11^ MOLECULE TYPE: rrotem 

ixi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

5 5 Ala Arg Leu Gly Ala Arg Pro Cys Glv Leu Arg Glu Leu Glu Val Arg 

15 10 15 

Val Ser Glu Leu Gly Leu Gly Tyr Ala Ser Asp Glu Thr Val Leu Phe 

?0 2 5 3 0 



b :> 5 0 



5;UR«;titi TTC CUCCT/01I1 c na\ 
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10 



45 



Arg Ala Gin Pre Cys Cys hrg Pro Thr Ala Tyr Glu Asp Glu Val Se 

65 70 75 30 

?he Leu Asp Ala His Ser Arg Tyr His Thr Val His Glu Leu 5er Al 
85 90 95 

Arc Glu Cv3 Ala Cvs Val 



(A) LEMGTL:: 100 ammo acids 

15 [3] TiPL: arr^no acid 

(C) STRAI^roEDNESS : Single 

(D) TOPOLCGY: ::near 

(ii) MOLECULE TYPE: oroceir. 



Gl;i Leu Gly Leu Gly Tyr Thr Ser Asp Glu Thr Val Leu Phe Arg T' 
2 0 2 5 3 C 

Cys Aid Glv Ala Cvs Glu Ala Ala lie Ara lie Tvr Asd Leu Glv L- 



Arg Arg Leu Arq Gin Arg A.rg Arc Val Arc Arg Glu Arg Ala Arg Ai 

50 55 ' 60 

His Pro Cys Cys Arg Pro Thr Ala Tyr Glu Asp Glu Val Ser Phe l.e 
55 ^70 ' 75 83 

Asp Va^ His Ser Arg Tyr His Thr Leu Gin Glu Leu Ser Ala Arg Gl 
85 90 95 

Cvs Ala Cvs Val 

100 

(2) INFORi-tATION FOR SEQ ID NO : 3 : 



u: SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 212 base pairs 
(EJ TYPE: nucleic acid 
(C) STRANDEDNESS : Single 
50 (L) TOPOLOGY: linear 

(11 : MOLECULE TYPE: LKA (genomic J 



5 5 (ix) FEATURE: 

(A) NAME /KEY: CDS 
(E) LOCATION: 1 . , 309 



65 
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CGT GTT TGC GAA CTG GOT CTG GGT TAG GCT TCC GAG GAA AGC GTT CTG 
96 

Arg Val Ser Giu Leu Gly Leu Gly ?yr Ala Ser Asp Glu Thr Val Leu 

5 20 25 30 

TTC COT TAG TOT OCA GGT GCT TGT G.AA GCA GCT GCA CGT GTT TAG GAG 
14 4 

10 ' 35 ^ ' 40 45 

CTG GGT CTG CGT CGC CTG CGT CAG CGC CGT CGC CTG CGT CGC GAA CGT 

Lgu i.jly Leu Arg Arg Leu Arg Gin Arg Arg Arg Leu Arg Arg Glu Arg 

15 5 0 d5 60 

GTT CGC GCA CAG CCG TG^ TGC CGT ^^CG AGC GCA TAG GAA GAG GAA G"'T 
240 

Vai Arg Ala Gin Pro Cys Cys Arg Pro Thr Ala Tyr Glu Agd Glu V3.I 

20 6b ^/n ' 75 ' 30 

TCC TTC CTG GAC GCT CAC TCC CGT TAG CAC ACC GTT CAC GAA CTG TCC 

cGr The Leu Asp Ala H13 ier Arc lyr H^s 'I'hr Val Glu l.eu Ser 

2 5 8= 9 0 9 5 

GCA CGT CAC TGT GC3 TGT GTT TAA 

312 

A. 1 d .A r c His G y s Ala C y s a 1 
30 1 JO 



(2) ir:FORI''J\TION FOR SE'^- ID NO : 4 ; 

3 5 !i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 103 ammo acids 
(3) TYPE: ammo acid 
(J) TOPOLOGY: .inear 

4 0 MOLECULE TYPE: protem 

:xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

Met Ala Arg Leu Gly Ala Arg Pro Cys Gly Leu Arg Glu Leu Glu Val 
45 1 S 10 15 

Arg Val Ser Glu Leu Gly Leu Glv Tyr Ala Ser Asp Glu Thr Val Leu 
20 25 30 

5 0 ?he Arg Tyr Cys Ala Gly Ala Cys Glu Ala Ala Ala Aro Val Tyr Asp 

35 40 45 



55 



leu Gly Leu Arg Arg Leu Arg Gin Arg Arg Arg Leu Arg Arg Glu Arg 

50 55 60 

Val Arg Ala Gin Pro Cys Cys Arg Pro Thr Ala Tyr Glu Asp Giu Val 

65 70 75 80 

-^>- Dv-o T,^,, j,?^ cer Ara Tyr His Thr Val His Glu Leu Ser 



6 5 2) INFORMATICN F::R SEQ IE NO : 5 : 
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10 



35 



5 0 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 197 amino acids 
(b; TYPE: amino acid 
(CI STRANDEDNESS: single 
TOPOLOGY: linear 

[li) MOLECULE TYPE: r^rotein 



Me" olr^ Arg Tri:' Lvs Als. Ala Al-d Leu Ala Ssr Va^ — Cys J-sr 3er 
1 '5' 10 15 

Val Leu Ser He Trp Met Cys Arg Glu Gly Leu Leu Leu Ser His Arg 
20 25 30 

20 

Lou Gl'/ ?ro Ala Leu Val Pro Leu His Arg Leu Pro Arc Tr.r Leu Asp 
35 40 45 

Ala Arg lie A^a Arg Leu Ala Glr. Tvr Arg Ala Leu Leu Gin Gly A:,a 

25 50 55 60 

Pro Asp Ala Met Glu Leu Arg Glu Leu Thr Pro Trp Ala Gly Arg Pro 

65 70 75 30 

3 0 Pro Gly Pro Arg Arg Arg Ala Gly Pro Arg Arg Arg Arg Ala A.rg Ala 

85 90 95 



Arg Leu Glv Ala Arg Pro Cys Gly Leu Arc Glu Leu Glu Val Arg Val 
100 105 110 

Ser Glu Leu Gly Leu Gly Tyr Ala Ser Asp Glu Thr Val Leu Phe Arg 
115 120 125 



Tvr Cys Ala Gly Ala Cys Glu Ala Ala Ala Arg Val Tyr Asp Leu Gly 
40 130 135 140 

Leu Arg Arg Leu Arg Gin Arg Arg Arg Leu Arg Arg Glu Arg Vai Arg 

145 150 155 160 

4 5 Ala Gin Pro Cys Cys Arg Pro Thr Ala Tyr Glu Asp G^u val Ser Phe 

165 170 175 



Leu Aso Ala Kis Ser Arg Tyr His Thr Val His Glu Leu Ser Ala Arg 
130 185 190 



;iu Cys Ala Cys Val 
195 



f^linQTITMXC cuccr-r /oiii c nc\ 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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